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An Automatic Brain Scanner 
W. B. REID* and H. E. JOHNS * 


Department of Physics, University of Saskatchewan and 
Saskatchewan Cancer Commission, Saskatoon, Canada 


(Received 15 April 1957) 


The use of radioactive tracer techniques in locating intracranial lesions has given rise to a 
need for an instrument to scan the head in an automatic and reproducible manner. The 
device described is designed to use two scintillation detectors which are moved on a spherical 
surface over the head. During the scan, the collimators of the detectors remain normal to the 
surface of the skull. The machine may utilize any isotope which emits an energetic y-ray. 
The results of a scan are presented on a circular chart which corresponds to the surface of the 
head and which indicates the number of counts received from each detector along with the 
difference between the number of counts from the two detectors. 

The device has been used clinically for over a year and has proven a valuable aid in locating 
tumors. 

UN DETECTEUR AUTOMATIQUE POUR LE CERVEAU 

L’utilisation des techniques de traceurs radioactifs pour localiser les lésions intracraniennes 
a rendu nécessaire un instrument capable d’explorer la téte de fagon automatique et repro- 
ductible. Le dispositif décrit ici est prévu de maniére a utiliser deux détecteurs a scintillation 
se déplagant au-dessus de la téte sur une surface sphérique. Pendant le comptage, les colli- 
mateurs des détecteurs restent en position normale a la surface du crane. La machine peut 
utiliser n’importe quel isotope émettant un rayonnement y énergétique. Les résultats d’une 
exploration sont représentés sur un diagramme circulaire correspondant a la surface de la 
téte et indiquant le nombre de coups pour chaque détecteur ainsi que !a différence entre les 
nombres de coups des deux détecteurs. 

Cet appareil a été utilisé cliniquement durant plus d’un an et s’est avéré d’une aide effective 
pour la localisation des tumeurs. 


IIPHBOP JIA CRAHMPOBAHIA 

BOSHUKIa HEOOXOAUMOCHTH B KOTOPsIi MO*KeET 
CTBO C JBYMA CueTUMKAMM, aBTOMATHYeCKH 10 
ciepe Tak, YTO MX BCe BPeMA WOBepXHocTH Yepena. ITpudop 
Oonbmoi sHeprun. PesyabTaTE B Kpyroworo rpadiuka, 
yuacToK KOTOpOrO CoOTBeTCTBYeT OMpeeeHHOMY y4acTKY MOBePpXHOCTH 
Ha rpaduk HaHocaATCA M3 CUeCTYMKOB, a PasHOCTh UX 

ero BHICOKYO WeHHOCTh JIA Omyxoueilt. 


EIN AUTOMATISCHER GEHIRN-SCANNER 

Die Verwendung von Radioindikatoren zur Lokalisierung von iniracraniellen Herden hat 
den Wunsch nach einem Gerat hervorgerufen, welches die Abtastung des Kopfes automatisch 
und in reproduzierbarer Weise erméglicht. 

Das beschriebene Gerat verwendet als Dektoren zwei Szintillationszahler, welche auf einer 
Kugelflache um den Kopf bewegt werden konnen. Wahrend des Abtastens sind die Kollima- 
toren der Detektoren senkrecht zur Schadeloberflache eingestellt. Das Gerat kann ftir jeden 
y-Strahler von ausreichender Energie verwendet werden. Das Messergebniss wird auf einem 
Polardiagramm aufgezeichnet, welches der Oberflache des Kopfes entspricht und die Zahl 
der Teilchen anzeigt, die von jedem der Detektoren gezahlt wurde, zusammen mit der 
Differenz dieser Teilchenzahlen. 

Das Gerat steht seit iiber einem Jahr in klinischer Verwendung und hat sich bei der 
Lokalisierung yon Tumoren als wertvolles Hilfsmittel bewahrt. 


* Present address: Department of Physics, University of Toronto, Toronto, Canada, and Ontario Cancer Institute, 
Toronto. 
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INTRODUCTION 


In THE last few years, a number of radio- 
active materials have been used as tracers 
inan attempt to locate intercranial lesions.“—”) 
In many centres RISA, a substance which 
shows a differential degree of uptake between 
the diseased and normal tissue, is used as the 
tracer. After injection of RISA a scintil- 
lation detector, provided with a suitable 
collimator, is held in turn over symmetrical 
points on opposite sides of the head and the 
counting rates on the right side of the head 
compared with those obtained on the left. 
Reproducible results can be obtained only if 
the detectors are accurately held over 
corresponding points and held long enough 
to obtain good counting statistics. When 
sufficient care is taken with this manual 
method, useful diagnostic information may 
be secured. However, the method is time 
consuming and requires careful work by two 
technicians. 

In an effort to improve this manual 
method, an automatic scanning device has 
been developed using two detectors which 
automatically compare the activity over 
corresponding points on opposite sides of the 
head and record the results for interpretation. 

An automatic scanning method using 
positron emitting arsenic has been developed 
by BRowneELt and Sweet “-”? using a system 


of two detectors pointing in opposite direc- 
tions along the same axis. ‘The scintil- 
lation detectors are made to respond to 
coincidences and thus effectively detect only 
the annihilation quanta of 0-511 MeV energy 
which are produced when the positron 
is annihilated. A concentration of coinci- 
dence counts indicate an increased concen- 
tration of the activity on the common axes of 
the detectors. By taking the difference 
between the counts on the two sides of the 
head, some information concerning the 
lateral position of the lesion may be obtained. 
Since only coincidences are counted, approxi- 
mately 1-5 mc of arsenic-74 must be used to 
obtain a reasonable counting rate. This 
method, because it detects coincidences, 
should offer more resolving power than any 
other method. However, it suffers from 
the disadvantage of using an isotope which is 
expensive and not readily available and 
requires rather large doses of the 
isotope. 

The automatic device described in this 
paper, using the readily available isotope 
RISA, has been used clinically for one year. 
It is a vast improvement over the earlier 
methods, and with it one may obtain results 
comparable with those obtained using posi- 
tron emitters. 


APPARATUS 


Automatic scanning system 


Fig. 1 shows a photograph of the scanner 
with a model in the supine position, her head 
suspended in a specially designed sling 
attached to a rotation therapy treatment 
table. 

The essential parts of Fig. 1 are reproduced 
schematically and identified in Fig. 2. The 
detectors and any other components 
connected with them are referred to as 
R or depending on whether the 
parts pertain to the detection and 
scaling from the right or the left side of 
the patient. The detectors R and L are 
carried on arms which rotate in opposite 
directions on separate parallel axes, R, and 
L,. These arms are driven by an a.c. motor 


which moves them between the near midline 
position shown as position A in Fig. 3 to a 
nearly co-axial position shown as position B. 
The positions obtained in this manner can 
be described by the angle ¢ which decreases 
from 67° to 15° as the arms move from posi- 
tion A to position B. The whole assembly of 
Fig. 2 may at the same time rotate about axis 
2 which is perpendicular to the axes R, and 
L,. Axis 2 passes through O on the patient’s 
head (Fig. 2). A rotation about axis 2 carries 
the detectors through the positions C, D, E 
and F of Fig. 4. The positions passed through 
in this rotation may be identified by the 
angle 6 which is measured from the line 
defined by the starting point S$ and the point 
O. In Fig. 4, the other angle, ¢, is at a 
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THERAPY BED 
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Identification of the essential parts of the 
mechanism for carrying the detectors. 


Fic. 2. 


maximum. In this diagram only the detector 
R is shown; the detector L being at a 
symmetric position behind it. 

Scanning is carried out automatically in 
the following sequence. The detectors are 
positioned so that ¢ is at its maximum and 4 
is zero corresponding to the position C of Fig. 
4, 6 is then increased slowly for approxi- 
mately 180° to that angle corresponding to 
position F, This motion is then stopped and 
¢ is decreased about 7°. The detectors then 
move forward at an increased angular 
velocity until 6 is again 0 where they stop 
and ¢ is decreased a further 7° after which the 
§ motion continues in the direction to 


Fic. 3. Positions of the detectors in planes perpendicular 
to the sagittal plane. 
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ANGLE @ 
MEASURED 
FROM OS 


Fic. 4. Positions of the detectors in planes perpendicular 
to the coronal plane. 


increase the angle again. ‘This continues 
until ¢ is approximately 15°. 

This sequence is best illustrated by Fig. 5 
on a projection used in recording the counts 
received by the detectors. The counters 
move from the starting position numbered 1, 
about the arc to 2, then to 3, 4 etc. to 16, 
at which time all motions of the machine 
cease. 

The controls for the motors are supplied 
with a number of automatic features. 
With a master switch set for manual, either 
motor may be driven in either direction. 


Fic. 5. The projection used in recording the data obtained. 
The numbers illustrate the sequence of 
motion of the detectors. 
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When the patient is satisfactorily positioned, 
the master switch is turned to automatic 
reset causing the counters to move to a 
position ¢ = 67°, 6 = 0. On throwing the 
switch to a third position marked scan, the 
machine completes a scan automatically. 
Certain aspects of the apparatus will now be 
discussed in greater detail. 

A. Head-rest. In an earlier model an effort 
was made to fix the patient in a sitting 
position. As small motions of the head can 
introduce error in interpretation of the results, 
this method was abandoned in favour of the 
arrangement shown in Fig. 1, where the 
patient is supine with his head in a stirrup, 
so designed that it does not interfere with the 
motion of the detectors. The stirrup is 
carried on arms which are pivoted about the 
line pg of Fig. 2. After the patient’s head 
is placed in the stirrup, the arms are pushed 
in from both sides and held by means of the 
thumb screws. With this arrangement, the 
patient’s head is effectively immobilized. 

B. Axes R, and L,. These two axes could 
actually be placed at the same point in space 
but reference to Fig. 3 will indicate there is a 


certain advantage in rotating each counter 
about a point on the opposite side of the head. 
Axes were chosen with the distance R,L, 
equal to 2} in. With this spacing, motion of 
the counters from position A to position B is 
almost tangential to the surface of the head. 
If rotations were about one point at the 
centre of the head, the counters would 
be as much further from the head at position 
B than at position A. 


C. Scanning rate. The time taken for the > 


counter to go from position | to 2 in Fig. 5 
is 6-5 min. On the return scan, from 3 to 4, 
the counters are rotated with a larger 
angular velocity so that the linear velocity 
over the surface of the head remains the same. 
Each time the angle ¢ is changed, the speed of 
the 9 motor is adjusted automatically by a 
stepping switch, which introduces a resistance 
in the control circuit of a thyratron controlled 
d.c. motor. 


Detection and scaling 

A block diagram of the electronic circuits 
used is shown in Fig. 6. Each detector 
consists of a NaI (Th) cylindrical 1 in. x 1 in. 


SCALER R 


180 


AMPLIFIER 


DETECTOR AND 
R DISCRIMINATOR 


R 


OUTPUT 
CIRCUITS 


SELECTED OUTPUT 
100 —1000 


REGISTER 


HIGH 
VOLTAGE 
SUPPLY 


OUTPUT OF FIRST DECADE CIRCUIT 


RECORDING) 
STAMPERS 


DIGITAL 
SUBRACTION 


O 


PLIFIER | 
Lad “an 


t DISCRIMINA 


SELECTED OUTPUT 
100 — 1000 


REGISTER 


L 
SCALER 


Fic. 6. A block diagram of the circuits used for detection and scaling. 
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Fic. 


A photograph of the apparatus showing the 
patient in position ready to scan. 


Fic. 7. A photograph of the apparatus showing the 
recording table and stampers. 
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crystal optically coupled to a Dumont 6291 
photo-multiplier tube. The collimators used 
to date have cylindrical holes ?in. in 
diameter by 3} in. long. Using a fixed gain 
amplifier and a variable discriminator setting, 
the overall gains and hence the counting 
rates of the two sections can be matched 
when the detectors are placed equal distance 
from a single source. The discriminators are 
set to eliminate pulses due to scattered 
radiation which may enter the detectors.) 
The scaling circuits were designed using glow 
transfer decade strips nos. 180 and 181.* 
The output of the 181 strip may be selected 
to yield an output pulse for every 100, 200, 
... 1000 counts. The output of the first 
decade of each scaler is fed into a subtraction 
circuit. 

This subtraction circuit depends upon the 
reversible property of the glow transfer 
tubes. After a difference of 30 counts between 
R and L, an output pulse is obtained. 
If R > L, the pulse appears at one terminal; 
if L > R, it appears at a separate terminal. 
The circuit shown in Fig. 6 thus has four 
output terminals corresponding to Rk, R-L, 
I-Rand L. These output pulses are used to 
trigger a thyratron which operates a relay. 
These relays activate mechanical registers 
and the stamping mechanisms. 


Recording systems 


A photograph of the apparatus taken in 
such a way as to show the recording system 
is shown in Fig. 7. A circular aluminum 
plate, 12 in. in diameter, is mounted on axis 2 
but is prevented from rotating. The variable 
speed motor, which drives motion 6 about 
axis 2, causes the whole of the apparatus, 
except the recording table shown in Fig. 7 to 
rotate about the center of the recording table. 
The motor which alters the angle ¢ is carried 
on this framework and is mechanically 
coupled to the arms carrying the detectors, 
as shown in Fig. 2, by a chain drive which is 
arranged to pass under and near the peri- 
phery of the recording table. The four 
recording solenoids are mounted on this 
chain in such a way that, when energized, 


* Atomic Instrument Company. 


they place marks on a radius of the disc. 
As motion about @ takes place, dots will be 
recorded on the circumference of circles as 
shown in Fig. 8. When the motor is energized 
to change the angle ¢, the chain drive carries 
the stampers to a new radius as indicated 
in Fig. 7 and 8. Thespeed control mechanism 
for the 8 motion is controlled by a switch 
also mounted on the chain. The linear 
position of the chain corresponds exactly to 
some angle ¢. Around the periphery of the 
recording table are two levers which deter- 
mine the limits for the angle 9. By adjusting 
these, the total angle 6 of scan may be selected 
for each patient. 

The chain is geared so that when ¢ is zero 
the stampers are over the centre of the table 
and when ¢ is 67° the stampers describe an arc 
of radius 44 in. It may now be seen that the 
scheme used in Fig. 5 to indicate the motion 
of the detectors actually shows the path of the 
stampers over the recording disc. By 
comparing the numbers indicating the 
sequence on Fig. 5 to those on Fig. 8 and 9, 
the correspondence of the points on the 
traces to the points on the patient’s head may 
also be seen. 

It is important to notice that at all times 
the axes of the collimators are nearly normal 
to the surface of the skull and, but for the 
midline strip near the surface, the detectors 
see the entire volume of the head in the course 
of ascan. Since little scattered radiation is 
detected, the counts obtained represent 
y-rays which originate within a cone about 


7? 6 32 


Fic. 8. Scan of abnormal patient showing an excep- 
tionally high degree of uptake on the left side in the region 
indicated by the added dotted line. Point 0-1 cm above, 
1/2cm behind root of helix; Point S—3cm above 
eyebrow; outer dash R — L = 30; Outer dot R = 100; 
Inner dot L = 100; Inner dash L— R = 30. 
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the axis of each detector. As a result of these 
factors a direct comparison of the trace 
to the surface of the head may be made. 

In gaining experience in interpreting the 
scan, the following procedure is_ useful. 
The points O and S$, on the trace shown in 
Fig. 8 for example, may be located on the 
patient's head using the measurements 
indicated in the caption. The trace may then 
be applied directly to the patient with the 
points O and § on the trace coincident with 
the corresponding points on the head. Now, 
without disturbing the orientation of the scan, 


the region of localization shown on it may 
be pressed down until it touches the scalp. 
Since the radius of the outer arc of the trace 
has been chosen to correspond on the average 
to the distance OY in Fig. 3 measured on the 
surface of the head for any angle ¢ and 6, 
the area found by the above procedure will 
be very nearly the area over which the 
detectors were passing while they received the 
counts recorded on the corresponding area 
of the trace. With a little practice, the scan 
may be interpreted approximately without 
having to apply the trace directly to the head. 


SETTING UP THE PATIENT 


After the patient is placed comfortably 
and his head immobilized in the stirrup, 
the height of the treatment couch or the 
height of the apparatus is adjusted until axis 
2 is at a point just above the ear (for example, 
point O Fig. 5). This adjustment is facilitated 
through the use of the pointer shown 
in Fig. 2. This pointer is provided with 
a telescoping section, which is calibrated 
in cm to read zero when the point is 
midway between axes R, and L,. The 
pointer is then set to read 1/2 the thick- 
ness of the patient’s head and the treatment 


couch moved until point O on the patient 
touches the end of the pointer. The counters 
are then moved in their respective collars 
until they just clear the patient’s skull during 
rotation of and ¢. This may be done by trial 
and error with the motors being controlled 
manually. The limit switches for 9 are then 
set and the references line OS' on Fig. 4 is 
marked on the recording sheet. With this 
accomplished, the scanner is set on automatic 
and the machine completes the scan. The 
whole procedure takes 35-40 min, 30 min of 
which time the machine is actually scanning. 


SAMPLES OF RECORDINGS 


Two recordings from abnormal patients 
are shown in Figs. 8 and 9. Fig. 8 was 
obtained 48 hr after a patient was given 
250 we of RISA. Each dot represents 
100 counts, the outer ones being from 
detector R and the inner ones from detector 
L. The outer dash corresponds to R — L = 
30 and the inner dash to L — R = 30. If 
the outer dots were more frequently placed 
than the inner dots, then outer dashes 
should appear. It is noted that a number of 
inner and outer dashes appear in a some- 
what random nature. However, when one 
or the other of these appears consistently, a 
real difference between R and L is indicated. 
With this information, it is possible to show 
that the activity in the left parietal region 
was greater than that of the corresponding 
region on the right. 

In Fig. 9 is shown a recording obtained 
from a patient who received 250 wc of RISA 
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Fic. 9. A-scan of an abnormal patient using differences of 
50 to indicate an asymmetry. S-3 cm above eyebrow; 
O—base of helix; Outer dash R—L = 50; Outer dot 
R = 100; Inner dot L = 100; Inner dash L—R = 50. 


48 hr prior to the scan. In this case each dash 
corresponds to a difference of 50 so there are 
naturally fewer accidental dashes. 
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An automatic brain scanner 


CONCLUSIONS 


The device has been in clinical use for one 
year. It has proven to be a valuable aid in 
locating cerebral disorders. To date, about 
40 patients have been scanned with the 
machine. It has proven to be a vast improve- 
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Photographic versus Autoradiographic 
Portrayal of Dental Structure” 


J. D. BOYD, R. W. SIMS, Jr., D. R. OSGOOD and A. S. BLUM 
Coral Gables, Floridat 


(Received 5 July 1957) 


In this study, biologic hard tissue (tooth) has been made radioactive in vitro by its immersion 
in a solution of radioisotope. Autoradiograms made from such specimens have shown 
differential uptake in different regions of the specimen. Such differential uptake is related at 
least in part to the porosity of the region. Through comparison of the autoradiogram with 
the photographic image of the stained and of the unstained tooth surface, information 
of value can be deduced relating to the structure and the properties of the hard tissue 
and of its various components. Soft f-emitting isotopes serve to portray surface charac- VOl 
teristics of the specimen, whereas hard f-emitters or y-emitters serve to portray as well the 
deeper substance of the specimen. These in vitro techniques offer valuable supplementary 3 
information to that provided by the usual histopathologic procedure. The illustrations direct 
attention to the manner in which the tooth structure changes posteruptively, and the presumed 
relationship of such changes to the resistance of the tooth to caries. 


COMOCTABTEHHE ®OTOTPA®NYECKOLO PAT MOABTOTPA®UYECKOLO 
3YBHOM CTPYKTYPBI 


in vitro WyTeM B pacTBOp TAKMX 
OOHAPYRUBAIN B OTHOCHTeIbHOM JIA pasHbIX YYaCTKOB OOpasa. 
OTM m0 Kpalineli Mepe oTY¥acTH, HeOMHAKOBO! MOpucTOCTbIO 
OT CIbHEIX yuacTKOB. Bawkuble O CTpyKType cBolicTBax TKAHH, a 
Jina BbISBIeHMA XapakTepa CayAAT M30TONbI C MATKUX GeTa- 
B TO BpeMA Kak BLICOKOM 

MeTox in vitro WeHHbIe CBeeHIA, 
pesyIbTaTbl OObMYHBIX B 
BbIABIAeTCH XapakTep CTPYKTYpbI 3y6oB 
3y00B K Kapmecy. 


PHOTOGRAPHISCHE UND AUTORADIOGRAPHISCHE 
ABBILDUNG DER ZAHNSTRUKTUR. 


In der vorliegenden Untersuchung wurde biologisch hartes Gewebe (Zahne) in vitro durch 

. Eintauchen in eine Radioisotope enthaltende Lésung radioaktiviert. Autoradiogramme 
dieser Zahnproben ergaben eine unterschiedliche Aufnahme in den verschiedenen Teilen 

der Probe. Diese verschiedenartige Aufnahme wird, wenigstens zum Teil der Porositat der 


* Presented at the annual meeting of The Society of Nuclear Medicine held at Oklahoma City, Oklahoma, 


June 20-22, 1957. 
+ From the Special Dental Research Laboratory, Veterans Administration Hospital, Coral Gables, Florida, U.S.A. 
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Probe zugeschrieben. Durch Vergleich des Autoradiogrammes mit der photographischen 
Abbildung der gefarbten und mit der gefarbten und ungefarbten Zahnoberflache kénnen 
wertvolle Schliisse iiber die Struktur und die Eigenschaften des harten Gewebes und seiner 
verschiedenen Komponenten gezogen werden. Weiche #-Strahler eignen sich zur Wiedergabe 
der Oberflacheneigenschaften der Zahne, wahrend harte f- und y-Strahler auch iiber tiefer 
gelegene Substanzen in den Zahnen Aufschluss geben. 

Diese in vitro Methode liefert wertvolle zusatzliche Informationen zu den Erkenntnissen, 


die durch histopathologische Untersuchungen gewonnen werden kénnen. 


Diese Illustra- 


tionen lenken die Aufmerksamkeit auf die Art, in welcher die Zahnstruktur nach dem 
Herauskommen der Zahne verandert wird und auf den angenommenen Zusammenhang 
zwischen solchen Veranderungen der Widerstandsfahigkeit der Zahne gegen Caries. 


Tuts report deals with the use of radio- 
isotopes for the study of the differential 
density of hard tissue. It is based on the 
assumptions that hard tissue will imbibe 
water in vitro inversely in proportion to its 
density, and that if radioisotope is dis- 
solved in the water, it can be used as a 
means for the localization of such uptake. 
The various components of the tooth 
differ in their inherent densities, and thus 
likewise in their degree of porosity. Enamel 
has the greatest density, cementum the 
least, with dentin in an intermediate posi- 
tion. Moreover, the degree of density varies 
according to the physiologic age of the tooth 
and according to its degree of sclerosis. 
There is variability in the density of a given 
tooth from one region to another, even in the 
same type of tissue. Moreover, changes in 
chemical content and in histologic structure 
occur progressively after the tooth erupts 
into the oral cavity. Our study is concerned 
with these post-eruptive changes, especially 
as they relate to the dentin. There is 
evidence that through physiologic matura- 
tion of the dentin, the tooth provides itself 
with defense against the inroads of dental 
caries. The rate and the degree in which 
such maturation develops appear to vary 
from one person to another, and from time 
to time in the same person. It is our belief 
that the development and advance of dental 
caries is dependent on the disturbance of a 
homeostatic mechanism, the nature of which 
to the present has not been fully defined. 
We have seen many clinical and histologic 
examples of arrest of caries, and they serve 
through their characteristics to substantiate 
the belief that the body can protect itself 
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against tooth decay through metabolic 
means.) The illustrations to be shown will 
indicate the variability of dentinal sclerosis 
observed in different teeth, and its relation- 
ship to the presence or absence of enamel 
defects which are considered essential to the 
development of dentinal caries. 

We have compared the photographic 
image of the polished tooth surface with the 
corresponding images provided by auto- 
radiography. The radioisotopes used for the 
study have included elements which in their 
stable form are normal constituents of the 
tooth, namelysulfur, calcium and phosphorus ; 
another element which is a normal body 
constituent but which is not a structural 
component of the tooth (iodine); and still 
other elements which are foreign to the 
body (nickel, technetium and promethium). 
The isotopes of some of the elements named 
have proved useful for our study; others 
have not. Reclassifying the elements named 
in terms of their radioactive characteristics, 
it will be noted that only iodine has a y- 
component, that only phosphorus has a hard 
f-particle, and that the others named give 
off only soft f-emanations. Desiring to 
contrast the autoradiogram with the photo- 
graph of the corresponding surface, it is at 
once apparent that the more the emanations 
from the radioactive tooth specimen are 
limited to the surface of the specimen, the 
sharper the detail to be expected, and the 
greater the correspondence to the optical 
image of the surface. For that reason, in 
this report the principal emphasis will be 
directed toward the images derived from 
soft f-emitting isotopes of elements common 
to the tooth: namely, and Ca*’. 


j. D. Boyd, R. W. Sims, Jr., D. R. Osgood and A. S. Blum 


PROCEDURE 


Moist human teeth have been split in the 
long axis through the contact points by 
means of a diamond saw, and the cut surfaces 
were polished using standard mineralo- 
graphic techniques. The plane polished 


surface was photographed using reflected ' 


light and then was made radioactive through 
prolonged immersion in an aqueous carrier- 
free solution of radioisotope. After rinsing in 
distilled water and gentle wiping with 
tissue, the polished surface was placed in 
registry with photographic film in complete 
darkness. Exposure was continued for a 
time sufficient to give an image representa- 
tive of each of the tooth components. After 
development, the film was used as a negative 
to provide a photographic enlargement 
similar in dimension to the photographic 
print of the surface. The two images were 
mounted in parallel to permit their compari- 
son and contrast. 

The techniques used in preparation of the 
autoradiogram will be described in further 
details with the hope that they may be of 
service to other investigators working in 
similar fields. 

From the time of extraction, the teeth were 
kept moist with water, weak formaldehyde, 
alcohol or zephiran solution. Once the 
specimen had been cleaned and its descrip- 
tion recorded, it was photographed from 
several angles for future reference. The roots 
of each specimen were imbedded in a pillar 
of dental stone about } in. x } in. X 2 in.,, 
leaving the crown exposed for orientation. 
The imbedded teeth were kept submerged in 
water untilready for sectioning. The diamond 
saw was mounted through a small table, and 
a lateral guide could be adjusted to permit 
the line of the cut to pass directly through 
the contact points. After cutting, the stone 
was broken away with the fingers. 

The cut section was polished on a flat 
cloth-covered surface, using a succession of 
abrasive slurries. The final polishing was 
done with great care, without abrasive. 
When by accident the polished surface 
remained scratched in any degree, the 
scratches appeared as a feature of the 
autoradiogram (Fig. 7). 


As a means for alignment of the polished 
plane surface for photography, a mounting 
box was made from Plexiglas. This was 
filled almost to the top with modelling clay. 
A square of black tissue with a small central 
hole was placed on the surface of the clay to 
provide a neutral background for photo- 
graphy. The tooth was placed on the black 
background with the polished surface upper- 
most, and then the tooth was pressed down 
into the clay by means of a flat piece of 
Plexiglas until the latter was in register 
with the edges of the box. The Plexiglas 
sheet was then removed and the mounted 
tooth was placed in position for photography. 
This procedure not only assured that the 
tooth surface would be plano-parallel with 
the face of the camera lens, but it also 
dispensed with the need for individual focus- 
ing of successive tooth specimens. 

It was found that when from 5 to 10 we 
of radioisotope was used for each ml of 
aqueous solution, the specimens acquired 
sufficient radioactivity after immersion for 
a 24hr period. Enough of such solution was 
used to cover the cut surface of the tooth 
specimen when it was lying on its polished 
surface in the planchet. The planchets were 
kept in a covered Petri dish during imbibi- 
tion, to minimize evaporation. 

Early autoradiograms often were marred 
because of a heavy “halo” of radiation which 
came not from the cut surface but from the 
interior of the pulp chamber and from the 
unpolished surfaces of the tooth. To lessen 
such radiation, the entire specimen was 
sprayed with a plastic aluminum paint after 
removal from the radioisotope solution. The 
polished surface then was wiped free from 
aluminum film by means of tissue moistened 
with acetone. Although this did not abolish 
all unwanted stray radiation, it diminished 
it notably. 

The cassette used for holding the specimen 
and film during autoradiography is shown 
in Fig. 1. It consists of a wooden trough 
broad enough to support a length of 35 mm 
film, a strip of upholsterers’ flexible foam 
plastic about the same width, and a wooden 
backing for the latter. Prior to assembly of 
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Fic. 1. Cassette used for making autoradiograms of 
polished surface of tooth halves. 
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Fic. 2. Enlarged photograph of the two halves of an 

unerupted tooth from an adult. The specimen in the 

right has been stained with basic fuchsin. (Figs. 3, 4, 5 
and 6 present autoradiograms of this same specimen). 


ed 


Fic. 3. Iodine autoradiogram of specimen shown in 


Fig. 2. 
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Fic. 4. Phosphorus autoradiogram of specimen 
shown in Fig. 2. 


Fic. 6. Calcium autoradiogram of specimen 
shown in Fig. 2. 


Fic. 5. Sulfur autoradiogram 
shown in Fig. 2. 


of specimen 
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Fic. 8. Greatly enlarged portion of crown of tooth shown in Fig. 7. Photograph at left, sulfur 
autoradiogram at right 


: 
Fic. 7, Photograph (left) and sulfur autoradiogram (right) of an adult unerupted tooth. 
— 


Fic. 9. Photograph and sulfur autoradiogram of a tooth 
showing permeability of regions with enamel caries, but 
without similar permeability of the underlying dentin. 


Fic. 10. Photograph and sulfur autoradiogram of tooth, 
showing two tracts of dentinal tubules which reject isotope, 
because of caries-arresting sclerosis of the affected dentin. 
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the film and the radioactive specimen, one 
or more tooth halves were cemented to the 
foam plastic by means of rubber cement, 
with the polished surfaces exposed in such a 
manner that when the face of the specimen 
was pressed into contact with the photo- 
graphic film, it would assume a position 
parallel to and in close apposition with the 
film. In the darkroom a piece of film 
slightly longer than the cassette was placed 
in the trough, emulsion side uppermost. 
Then the tooth specimens on their mount 
were bound in register with the film by 
means of rubber bands. The whole assembly 
was stored in a light-tight container, and 
left there until the assigned exposure time 
had been completed. Then the film was 
developed according to standard photo- 
graphic techniques. 

We have found that commercial grades of 
35mm _ photographic film were adequate 
for our purpose. Kodak Tri-X has proved 
most widely adaptable. It is fast and has 
relatively fine grain. When somewhat finer 
detail seemed important, Kodak Pana- 
tomic-X has been used. For weakly radio- 
active specimens, the use of the very fast 
Kodak Royal X-Pan has permitted the 
making of satisfactory autoradiograms after 
exposures of hours rather than the days 


which would have been required with 
slower films. Imperforate film presents the 
advantage that the whole width of the film 
may be used for registry. Yet with care the 
tooth images can be centered so as not to 
overlap the perforations. 

It has been our custom to make a series 
of exposures for each specimen, so as to have 
available several films of graded density. 
The shortest effective exposure time has 
been | hr, the maximum exposure, several 
days. The customary range has been from 
4-36 hr. Latitude of density can be com- 
pensated through differential exposure times 
when making the photographic enlargement 
of the autoradiogram. However, it is best 
if the autoradiographic image is of such 
intensity that it offers potentialities for 
differential printing to bring out all latent 
detail, both in the least exposed and in the 
most deeply exposed portions of the negative. 
We have seldom found it possible to make a 
single print, even from the best negative, 
which would delineate all potential details 
in every part of the negative. If detail in the 
enamel is the principal objective, it may be 
necessary to expose the print of the autoradio- 
gram to such a degree that all detail in the 
cementum, and possibly much of that in the 
dentin, is burned out in the print. 


PRESENTATION OF FINDINGS 


The accompanying illustrations show the 
photograph of the polished tooth surface 
made by reflected light, and the autoradio- 
gram of the same surface, each enlarged to 
corresponding degree. The intensity of 
isotope uptake is proportional to the regional 
density of the print. 

Fig. 2 shows the two polished halves of an 
unerupted tooth from the mouth of an 
adult individual. One half has been stained 
with basic fuchsin. Note that the enamel 
has taken up little if any stain, that the 
pulp chamber with its lining of soft tissue 
has taken up the stain heavily, and that 
there is little differentiation between the 
appearance of the cementum and the under- 
lying dentin of the roots. Also observe that 
in some regions of the dentin, tracts of 
dentinal tubules reject stain whereas other 


adjacent tracts stain with increased intensity. 

Figs. 3, 4, 5 and 6 show autoradiographic 
prints of this same mounted specimen, made 
serially over the course of several months 
with the radioisotopes of iodine, phosphorus, 
sulfur and calcium respectively. Fig. 3, 
made with I!%!, shows sharp distinction 
between the uptake in enamel, dentin and 
cementum. The cementum is readily dis- 
tinguished from the adjacent dentin because 
of its much greater uptake of the isotope. 
The autoradiogram does not however show 
much distinction of uptake in different 
regions of the dentin, although such 
might be expected from the stained photo- 
graph. 

Fig. 4 shows the autoradiographic image 
made with P’*. Note that the phosphorus 
has been taken up by the enamel in almost 
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as great degree as by the dentin, and that 
the whole image is rather hazy with little 
portrayal of detail. 

The images made by radio-sulfur (Fig. 5) 
and by radio-calcium (Fig. 6) show much 
greater detail throughout than do the other 
autoradiograms. The pattern of the dentinal 
tubules is evident in the former, and there is 
concentration of isotope noted at the dentino- 
enamel junction. The degree of uptake in 
the enamel is greater than is seen in the 
radio-iodine image, but less than with radio- 
phosphorus. The radio-calcium image shows 
good detail, especially of the structure of the 
enamel. Note the uptake of isotope in the 
scratch marks. 

The sharpness of the images in Figs. 5 and 
6 is attributed to the slight penetrating 
ability of the f-particle of the sulfur and of 
the calcium isotopes. Because of that low 
energy component, the soft p-emitters por- 
tray only the surface radioactivity of the 
specimen, whereas the images from the 
energetic /-particles of the radio-phosphorus 
or the combined /- and y-emanations from 
the radio-iodine represent the consummation 
of both surface activity and the uptake 
within the deeper layers of the specimen. 

Fig. 7 shows the photograph and the sulfur 
autoradiogram of another adult unerupted 
tooth. Attention is called to several details. 
First, note the heavy uptake of isotope by the 
cementum: detail in that region of the print 
has been burned out through overexposure 
to permit portrayalof detail in theenamel and 
dentin. Next, observe the delineation of the 
dentin nearest the pulp chamber and at the 
dentino-enamel junction. Observe the pat- 
tern of the dentinal tubules. Noite the vivid 
portrayal of the saw marks not removed by 
polishing, and not evident in the photograph. 
Note the incremental growth line (Band of 
Owen) lying midway in the dentin of the 
crown. Likewise, note the evidences of 
developmental bands in the enamel, corre- 
sponding to the Hunter-Schreger Bands and 
the Striae of Retzius. 

Fig. 8 offers an enlargement of the photo- 


graph to show the Striae of Retzius and the 
Hunter-Shreger Bands in greater detail. At 
the right side of the illustration is shown the 
enlargement of the corresponding region of 
the autoradiogram, to show that these 
development structures can be demon- 
strated on the basis of their uptake of isotope. 

Fig. 9 shows the photograph and the 
sulfur autoradiogram of a tooth from the 
mouth of an elderly man. Examination of the 
tooth before sectioning showed chalky enamel 
at each contact point. The photograph 
shows enamel caries present in each of these 
areas, especially notable on the left. The 
photograph also shows discoloration of the 
underlying dentin, giving the impression that 
the dentin likewise is carious. The autoradio- 
gram confirms that the enamel at each 
contact point is markedly pervious to the 
isotope. But the underlying dentin not only 
fails to show the increased permeability one 
would expect if it too were carious: to the 
contrary the dentinal tract lying between the 
enamel defect and the pulp shows greater 
isotope rejection than is seen in adjacent 
regions of the dentin. There is no dentinal 
caries present in this tooth, despite the pres- 
ence of an outstanding enamel defect at the 
point where caries commonly originates. 

Fig. 10 represents a photographic and a 
sulfur autoradiographic image of a similar 
tooth. In this instance the enamel caries 
had made greater inroads, and at some 
time in the past the dentin underlying the 
enamel lesion had become carious at the 
dentino-enamel junction. However the caries 
in the dentin had become completely 
arrested, as is shown by the heavily sclerotic 
tract of dentinal tubules extending from the 
region at the periphery where the ends of 
the tubules had been destroyed by caries, to 
the pulp chamber. 
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Sur L’emploi du Condensateur a Fond 
Noir pour la Microphotographie des 
Autoradiogrammes Biologiques 
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Service de Biologie du Commissariat a l’Energie Atomique 


(Received 8 July 1957) 


On décrit une méthode ayant pour but d’obtenir des photographies d’autohistogrammes 
fortement agrandis. Cette méthode est fondée sur l’impression successive des prises de vue 
du specimen biologique et de |’émulsion sur le méme film. On évite la formation d’un voile 
en superposant deux images a contrastes inversés. 


ON THE USE OF THE DARK GROUND CONDENSER FOR THE 
MICROPHOTOGRAPHS OF BIOLOGICAL AUTORADIOGRAMS 


A method is described for the preparation of microphotographs of highly magnified 


autohistographs. This method is based on a superposition of two successive photographs on 
the same emulsion. The appearance of a halo is prevented by superposition of two images 


of opposite contrast. 


IIPHMEHEHUE ROH]JTEHCOPA TEMHOBOLO HOJTA 


OTOT MeTOL OCHOBAH Ha JBYX Ha 
Ty me emyapemo. Bo MOABIeHMA 


UBER DIE ANWENDUNG DES DUNKELFELDKONDENSOR ZUR 
MIKROPHOTOGRAPHIE BIOLOGISCHER AUTORADIOGRAMME 


Es wird eine Methode zur Herstellung von Mikrophotographien stark vergrésserter 
Autoradiogramme beschrieben. Diese Methode beruht auf Superposition zweier nacheinander 
erhaltener Bilder auf denselben Film. Schleierbildung ist ausgeschlossen, da die jeweiligen 


Bilder entgegengesetzte Kontraste haben. 


L’ETuDE d’un autoradiogramme biologique, 
tel que permet de l’obtenir la technique du 
pelliculage, suppose l’analyse microscopique 
de deux plans optiques différents: celui de 
Yobjet biologique et celui de l’autoradio- 
gramme proprement dit, au niveau del’émul- 
sion. Leur enregistrement simultané par 
microphotographie implique de ce fait une 
profondeur de champ qui rend difficile 
l'emploi de forts grossissements, en parti- 
culier, celui de l’objectif a immersion. 
Cette difficulté a obligé les auteurs soit a 
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procéder a des prises de vue séparées de 
Pobjet biologique et de l’autoradiogramme,"! 
soit a se limiter aux photographies prises a 
faible grossissement.) I] reste enfin possible 
de tourner cette difficulté par superposition 
de deux prises de vue consécutives sur le 
méme cliché, en adaptant le microscope aux 
deux plans optiques respectifs. Ce principe 
a été proposé a maintes reprises,“ mais sa 
réalisation pratique se heurtait a un autre 
obstacle: la deuxiéme prise de vue, engen- 
drant un voile, estompe les contrastes 
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de la premiére au point de la rendre 
ininterprétable. 

Le principe des deux prises de vue con- 
sécutives devient cependant applicable si l’on 
superpose deux images a contraste inverse; 
c’est ainsi que nous réalisons d’abord, avec 
un dispositif optique a fond clair (conden- 
sateur ordinaire, contraste de phase ou 
microscope a fluorescence), la prise de vue 
de Vobjet biologique. Ensuite, nous procé- 
dons, en utilisant le méme film, a la prise de 
vue a fond noir de |’émulsion: les grains 
d’argent de celle-ci apparaissent ainsi sous 
forme d’objets lumineux superposés a l’image 
du specimen biologique. 

I] est nécessaire d’éliminer la possibilité 
par l’objet biologique de donner lui-méme 
une image sur fond noir qui comprometterait 
la netteté de image de l’émulsion. L’ex- 
périence nous a montré que cette image 
apparait quand l’objet biologique est riche 


en substance inorganique (comme la sub- 
stance fondamentale de los) ou quand 
Pobjet biologique est séché. Le premier cas 
est rare en histologie. Le deuxiéme obstacle 
peut étre surmonté en montant la coupe 
dans la glycérine ou bien, s'il s’agit d’un 
étalement, en mélangeant le matériel avec 
de la glycérine-gélatine™ a 40° avant de 
Pétaler sur lame (au besoin sur lame non 
fluorescente). 

Contrairement aux méthodes employees 
jusqu’a présent dans la microphotographie 
des autoradiographies a pelliculage, notre 
procédé donne des images d’autant meil- 
leures que le grossissement est plus fort. La 
glycérine-gélatine permet l’obtention de preé- 
parations durables. On peut en déduire que 
ce procédé est particuliérement interessant 
pour des autoradiogrammes de cellules ou de 
particules de dimensions inférieures a celles 
de la cellule. 
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Cellule de Vascite tumorale de la souris (Ehrlich), aprés 
traitement de l’animal porteur avec 1,8 micro-curie P-32g 
animal. Grossissement 900. Fluorochromation a l’orange 
d’acridine."*) Sédiment de l’ascite introduit dans la 
glycérine-gélatine 4 40°, ensuite étalement sur lame 
non fluorescente. Autoradiogramme de pelliculage (émul- 
sion Kodak Ltd., Stripping). Prise de vue de la cellule 
au microscope a fluorescence, T. P. 80 min. Prise de 
vue consécutive au méme grossissement au condensateur 
a fond noir, T. P.6 min. Film Kodak trichrome inversible. 
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A Gamma-scattering Soil Density Gauge 


for Subsurface Measurements 
J. F. CAMERON#* and M. S. BOURNE*+ 


(Received 1 Fune 1957; revised 25 Fuly 1957) 


A gauge for in situ measurements of soil densities with an accuracy of about | per cent 
which can be used at depths down to 1000 ft is described. A caesium-137 y-ray source is 
separated by a cylindrical lead shield from a Geiger counter which detects the y-radiation 
scattered by the soil. The optimum source-detector spacing is experimentally determined. 
Pulses from the Geiger counter are fed along a cable to the scaling unit by means of a trans- 
former impedance-matching circuit. A complete design and the method of calibration is given. 


UNE JAUGE PERMETTENT DE MESURER LA DENSITE 
DU SOL, SOUS TERRE, PAR DIFFUSION y 
On décrit une jauge servant a mesurer les densités des sols in situ, avec une précision d’en- 
viron 1%. Cette jauge peut étre employée a des profondeurs allant jusqu’a 300 m. Un 


bouclier cylindrique en plomb sépare une source y de césium-137 d’un compteur de Geiger 
qui détecte le rayonnement y diffusée par le sol. On détermine expérimentalement la meil- 


leure position relative de la source et du détécteur. Les impulsions provenant du compteur de 
Geiger sont transmises par un cable a I’échelle de comptage au moyen d’un transformateur 
d’adaptation. On donne le schéma complet de l’appareil et la méthode d’étalonnage. 


BOP USMEPEHMA TIOTHOCTH TMOUBbI MO 
PAMMA-JIY GEM X HOCTHBIX 

Onucan in situ HAOTHOCTH MOUBbI TOUHOCTHWO IIpuMepHO 1%, 
rryouny u3mMepennii Ha 1000 Ucrounnk y-ayueit u3 wesnA-137 
CBHHIOBBIM 9KpaHOM oT cueTunKa Teiirepa, 
y-yuelt noupoii. paccTOAHHe HCTOUNKOM H JeTeEKTOPOM 
yepe3 Tpancpopmatop. JlaHo KOHCTPYKIMM 
cmoco6a 


GERAT ZUR MESSUNG VON BODENDICHTEN UNTER DER 
ERDOBERFLACHE MIT HILFE VON y-STREUUNG. 


Ein Gerat zur in situ Messung von Bodendichten mit einer Genauigkeit von 1°, welches 
bis zu Tiefen von 1000ft verwendet werden kann, wird beschrieben. Ein Geiger-Zahlrohr 
ist durch eine zylindrische Bleiabschirmung vor direkter Einstrahlung einer Cs-137 Quelle 
geschiitzt, so dass nur die im Bodenmaterial gestreute y-Strahlung zur Messung gelangt. 
Der optimale Abstand zwischen Strahlenquelle und Detektor wurde experimentell bestimmt. 
Die aus dem Zahlrohr stammenden Impulse werden mittels eines Kabels iiber einen Trans- 
formator zur Anpassung der Impedanz dem Zaéhlgerat zugefiihrt. Eine vollstandige 
Beschreibung des Gerates und der Methode seiner Eichung wird angegeben. 


* Isotope Division, A.E.R.E. Harwell, Berks. 
+ Soil Mechanics Ltd., 65, Church Street, London S.W.3. 
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INTRODUCTION 


THE measurement of y-ray scattering as an 
index of the density of soils is now well 
established. Equipment for this purpose 
usually consists of a y-ray source and a 
Geiger counter detector separated by a 
thickness of lead, together with an instru- 
ment for recording the Geiger counting 
rate.4-7) Source, detector and lead are 
mounted in a housing and are known collec- 
tively as the “probe.” The counting rate 
in the detector arising from the y-rays scat- 
tered into it, varies with the density of the 


PROBE 


The design of the probe is shown in Fig. 1. 
The probe is used by inserting it into a 
casing tube 1-25 in. i.d. which has previously 
been driven into the ground. Its o.d. is 
therefore restricted to 1-0 in. and the counter 
and cylindrical lead shield are arranged co- 
axially. The source of caesium-137 with a 
half-life of 30 years and emitting radiation of 
energy 0-66 MeV is housed in a brass con- 
tainer which is screwed into the end of the 
lead shielding. The opposite end of the lead 
is terminated in a threaded brass cup, so that 
with the aid of a screwed rod the lead shield 
plus source can be withdrawn from the 
housing when required. A rubber O-ring is 
sufficient to hold the lead firmly in position. 
Into the brass cup fits one end of a light 
tubular brass frame carrying the MG.10.H 
Geiger counter and the associated electronics. 
This frame plugs into the end seal. A water- 
proof seal is obtained by using rubber O-rings. 
The housing is made of 20 gauge stainless 
steel which is reinforced at the nose of the 
probe. The counting rate was found to be 
independent of the radial position of the probe 
in the casing tube and therefore no provision 
is made for centralizing the probe. ‘The total 
weight of the probe is less than 4 Ib. Fifty ft 
of steel-braided co-axial cable connects the 
probe to the scaling unit. 


Determination of optimum lead thickness between 
source and detector 


Three drums each 20 in. in diameter con- 
taining 10 in. of Southend sand of bulk 


soil in the proximity of the probe and when 
calibrated, this counting rate can be used as 
a measure of the density. Measurements can 
be made either on or below the surface. 

The use of such a probe can be extended 
to measure the bulk density of other materials 
such as grain, sugar or silage. This article 
describes the development and calibration of 
such a probe for measurements of saturated 
soil densities at depths down to 50 ft which 
is the present limit for insertion of the tube 
which cases the borehole. 


DESIGN 


densities 83-5 lb/ft? (1-32 g/cm*), 90-0 Ib/ft? 
(1-42 g/cm?) and 114-0 lb/ft? (1-83. g/cm?) 
were used. The first density was obtained 
using dry uncompacted sand; the second by 
‘using compacted sand partially saturated 
with water; the third by using compacted 
sand completely saturated with water. Pre- 
liminary experiments showed that this depth 
of soil was sufficient to ensure saturation 
backscattering. To facilitate the experiments 
the tests were performed on the surface of 
the soil. Because of the symmetry of the 
arrangement of source and detector one 
would expect the number of scattered y-rays 
to be roughly one-half of the number 
scattered when the probe is completely 
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Fic. 2. Variation of backscattered count rate with density 
for differing source detector separations. 
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surrounded with soil. This has been proved 
experimentally. 

Optimum lead thickness was determined 
by taking a series of counts on the different 
soils with 2 in., 4 in., 6 in., 8 in. and 10 in. 
of lead between the source and detector. 
Figs. 2 and 3 show the results and indicate an 
uncritical optimum thickness of about 8 in. 
Unfortunately the drums were not big enough 
to ensure saturation backscattering at lead 
thicknesses greater than 10 in. 

The lead was shaped to minimize the con- 
tribution to the counting rate from the dis- 
turbed soil in the immediate vicinity of the 
tube. 


Scaler, power unit, preamplifier and transformer 
matching circutts 


From the preliminary experiments it is 
seen that in order to measure the soil density 
with an accuracy of | per cent it is necessary 
to have about the same accuracy in the 
counting measurements. This is most con- 
veniently obtained using a scaler. For field 
measurements a portable battery-operated 
scaler would be ideal but at the time none 
was available commercially. A unit of low 
power consumption driven by a small motor 
generator was the alternative. 

A five decade dectron scaler type 1221C 
and a power unit type 1221C were employed. 
This scaler is suitable for use with counting 
rates in the region of 20,000 counts/min as 
normally employed. The power unit supplies 


* To be published in 7. Brit. Instn. Radio Engrs. 


Inches of lead separator 


°fe change in count rate for density change 80-110 Ib/ft? 


Fic. 3. Variation of sensitivity to soil density change 
with thickness of lead separating source and detector. 


a voltage variable from 300 to 700 V to the 
Geiger and draws its power from the scaler. 

The transformer impedance-matching cir- 
cuit shown in Fig. 4 was used to transmit the 
pulses along the 50 ft of cable to the scaler 
with minimum loss. This is based on cir- 
cuits used in borehole logging equipment 
developed at Harwell by D. Witxiams.* A 
double triode acting as a low-gain amplifier 
with cathode-follower output (Fig. +) was 
used to raise the pulses above the scaler 
threshold. 

Power consumption for the complete unit 
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Fic. 4. Transformer impedance-matching circuit and preamplifier. 
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is less than 30 W. The counting rate is 
independent of mains voltage in the range 
190-260 V. 


Experimental method for probe calibration 

A casing tube of duralumin was chosen in 
order to minimize the absorption of the low 
energy scattered radiation returning towards 
the detector. 

The probe was calibrated in the laboratory 
using soils of carefully prepared density. 
Rough experiments to determine the ap- 
proximate shape and size of the volume 
actually being measured by the probe, showed 
that a steel drum 2 ft 1] in. high 1 ft 10 in. 
diameter which was available would ensure 
saturation backscattering. 

The soils used in the laboratory cali- 
bration were Southend sand, building sand, 
Ham river sand and 1-5 in. all-in river 
gravel, with particle size distributions vary- 
ing from 0:08 mm to 40 mm and specific 
gravities ranging from 2-55 to 2-68. The 
soils were used in their saturated condition 
consistent with the conditions under which 
the probe was to operate. Soils were placed 
carefully by hand or by sieving and left 
unvibrated for the lowest densities. High 
densities were achieved by using external 
vibrators attached to the outside of the tank 
by straps, and by an immersion type vibrator. 
The casing tube was centred in the tank 
before addition of the soil. The volume of 
the drum was measured by weighing empty 
and full of water. Total mass of soil was also 
determined by weighing. A calibration curve 
of count rate plotted against saturated den- 
sity for a duralumin tube of 1-25 in. internal 
diameter and 0-25 in. wall thickness is shown 
in Fig. 5. 


Accuracy of measurements and use of a standard 
density 

The standard deviation (1-2 Ib/ft?) of 
points from the calibration curve, represents 
an error of 0-9 per cent in the saturated 
density. The standard deviation due to 
statistical variations in the counting rate is 
equal to the square root of the total number 
of counts and was negligible in the cali- 
bration experiments. Changes in counting 
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Fic. 5. Calibration curve for soil density probe in 
duralumin casing tube. 

© Southend sand x 14in. Down all-in ballast 

@ Ham river sand A Building sand 


rate outside the standard statistical deviation 
obtained at different heights in the drum 
show that local changes of density of the 
order of 1 per cent do occur despite careful 
preparation. 

An experiment comparing the counting 
rate obtained (a) with the casing tube driven 
into the soil and (b) with the soil carefully 
placed as in the calibration experiments 
showed no significant difference. However, 
disturbances which might be produced by 
driving the casing tube into inhomogeneous 
soils could conceivably lead to significant 
errors. 

The y-radiation reaching the detector will 
have a continuous energy distribution from 
almost zero up to a maximum equal to the 
original y-energy (0-66 MeV). Below about 
0-3 MeV the absorption of the radiation 
depends not only on the electron density 
which is proportional to the physical density 
but also on the atomic number of the 
soil constituents. Thus the probe should 
only be used on soils of physical properties 
similar to those with which it has been 
calibrated. Hydrogen has an electron density 
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twice that of other materials and will thus 
contribute to the scattering and absorption 
of the radiations more per unit weight than 
other materials. ‘The importance of these 
effects is being investigated. 

The source strength will decay only | per 
cent per 6 months but the Geiger counter 
characteristics will change gradually and 
unpredictably with use. Such variations can 
be allowed for by the use of a standard 
density such as a concrete block or a drum of 
water, sufficiently large to ensure saturation 
backscattering, and to refer all the counting 
rates to this standard. 


Source strength required and radiation hazard 


The calibration curve shown in Fig. 5 
was obtained with an 85 mc source of 


caesium-137. If no casing tube were used, 
i.e. if the probe were driven directly into 
the soil a less active source of the order of 
10 me could be used. The 85 me source 
gives a dose rate of 20 mr/hr at 1 m. Thus 
contact with the source should be avoided 
and the unshielded probe should not be 
handled for more than about | hr/day. This 
is sufficient time provided that the probe is 
removed from its container only immediately 
before it is inserted into the ground. In the 
lead shield provided, the dose rate at the 
surface is below the tolerance level of 7-5 
mr/hr. 

Use of a less active source would reduce 
the counting rate of the detector, and longer 
counting times would be required to obtain 
the same statistical accuracy in counting. 


CONCLUSIONS 


This apparatus can be used to measure 
densities of the saturated soils with which 
it has been tested to an accuracy better 
than | per cent. In the range of soil con- 
ditions tested in the laboratory a linear re- 
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A New ‘Tracer Method for Kinetic 


Investigations 


M. B. NEIMAN 
Academy of Sciences of U.S.S.R., Moscow, U.S.S.R. 


(Received 28 May 1957) 


The theoretical basis of the new tracer method for determining the formation and consumption 
rates of intermediate products in complex chemical and biochemical reactions is given in the 
first part of the article. The method allows also to determine the successive formation of a 
number of intermediate products and to find out the reaction order accounting for the consump- 
tion of intermediate products. 

The second part deals with experimental data on kinetic investigations of methane, propylene 
and butane oxidation, on the propane cracking mechanism, on kinetics of catalytic dehydro- 
genation of butane and butylene and on the desorption of radicals from the catalyst surface. 


UNE NOUVELLE METHODE DE TRACEURS POUR DES ETUDES CINETIQUES 

Dans la premiére partie de l’article, on donne la base théorique de la nouvelle méthode de 
traceurs pour déterminer las vitesses de formation et de consommation des produits inter- 
médiaires dans les réactions chimiques et biochimiques complexes. La méthode permet 
également de mesurer la formation successive de plusieurs produits intermédiaires et de 
déterminer |’ordre de la réaction expliquant la consommation des produits intermédiaires. 

La seconde partie concerne les données expérimentales de |’étude cinétique de l’oxydation 
du méthane, du propyléne et du butane, du mécanisme de ciaquage du propane, de la 
cinétique de déshydrogénation catalytique du butane et du butyléne et de la désorption des 
radicaux de la surface du catalyseur. 


HOBbIM TIPHMEHEHIIAL MEYEHbIX ATOMOB B 
RHHETHUECKHX HCCTEJOBAHUAX 

B nepsoii TeOpeTHYeCKHe OCHOBLI HOBOTO IIPHMeHeHIA 
peakUuii, M0 KOTOPLIM paCXOMyIOTCH MpOAYRTHI. 

Bo propoii CTaTbM M3larawTCH MO 
MOMOU[M HOBOTO MeTOa B KMHETHKM OKMCIeHUA MeTaHa, 
u OyTaHa, B KpeKHHra B 
MOBepxXHOCTH CepeOpAHOrO KaTaM3aTopa. 


EINE NEUE SPURENMETHODE ZUR ERFORSCHUNG DER KINETIK 

Im ersten Teil des Artikels werden die theoretischen Grundlagen der neuen Spurenmethode 
zur Bestimmung der Bildungs- und Abnahme-raten von Zwischenprodukten in komplexen 
chemischen und biochemischen Reaktionen gegeben. Die Methode erlaubt auch die Bestim- 
mung der sukzessiven Bildung einer Zahl von Zwischenprodukten und der Ordnung der 
Reaktion nach der die Abnahme der Zwischenprodukte erfolgt. 

Im zweiten Teil werden experimentelle Daten iiber die Erforschung der Kinetik der Oxy- 
dation von Methan, Propylen und Butan, des Mechanismusses der Propancrackung, der 
Kinetik der katalytischen Dehydrierung von Butan und Butylen und der Desorption von 
Radikalen von der Katalysatoroberflache mitgeteilt. 
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INTRODUCTION 


RADIOACTIVE isotopes have been used for 
investigation of homogenous and _hetero- 
genous chemical and _ biochemical pro- 
cesses for already more than 20 years.“)* 
Analytic determination of various substances 
present in very small concentrations, deter- 
mination of atom mobility in molecules, of 
the solvent participation in a _ reaction, 
identification of precursors of certain inter- 


mediate products and solution of many other 
problems have already been made possible 
by means of radioactive isotopes. But the 
majority of methods used was static, whereas 
ournew method allowing quantitative investi- 
gations of chemical reactions is of a kinetic 
nature, being based on the study of specific 
activity changes of various intermediate 
products depending upon time. 


THEORY AND BASIC EQUATIONS OF THE KINETIC METHOD”) 


By assuming a complex chemical reaction 
with formation of intermediate products A 
and B in accordance with 


and taking samples at various intervals the 
concentration of product B can be deter- 
mined and its accumulation rate d[B]/dt 
consequently evaluated. The value will 
obviously be equal to the difference in 
formation and consumption rates w, and 
w, of the product B. 
It is evident that the evaluation of w, and 
w, cannot be made using only one equation 
The second equation required can be 
deduced after introducing into the mixture 
a small quantity of product B labelled with 
a radioactive or a weight isotope with sub- 
sequent measurement of the change of 
specific activity 6 in the course of reaction. 
Neglecting the isotopic effect, the rate of 
specific activity increase will depend on f, 
w, and the concentration of B, but not on 
Thus 


d 
oP = flwy (Bl, 6) (2) 
It follows from dimensional analysis that 
pw 
3 


where k is a Pe factor. 
The specific activity of product B can be 
found from equation 
B 
(4) 


where [B*] is the amount of the labelled 
substance in millicurie. 


Neglecting the isotopic effect, the rate of 
accumulation of the active product B* 
becomes 

d[B*| 
dt 

Assuming for a general case that B is 
formed from precursor A with a specific 
activity « we get 


= w,* —w,* (5) 


w,* = aw, (6) 

0," = Bw, (7) 

Substituting (6) and (7) into (5) we have 

B\* 

EV = aw, — 

On the other hand it appears or (4) that 
B* B 


Hence, using equation we 


dp (d{B*]/dt) — B(a[B]/dt) 

dt [3] 

Substituting into this equation the value 

B]/dt from (1) 
dp 


aw, — Pw, — Pw, + Bw, 
[B] 
In the case of « = 0 equation (11) becomes 
(12) 
By comparing equations (12) and (3) we 
see that the dimensionless factor k = —1. 


In the latter case the curves of concen- 
tration and specific activity change of pro- 
duct B assume the form given schematically 
on Fig. 1. 


* Radioactivity Applied to Chemistry. Published, New York and London (1951). 
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Fic. 1. Specific activity change (curve 1) and 
intermediate products concentration (curve 2). 


To confirm the fact that A actually is the 
precursor of B a small amount of the 
labelled product A should be introduced 
into the mixture. In this case 


da AW 


where w, is the rate of formation of product 
A. 

The value df/dt is obtained from equation 
(11). 

As can be seen from (13) « decreases with 
time. Obviously the value of specific 
activity 6 of product B formed from A must 
also decrease with time. If df/dt < 0 then 
according to (11) 6 >«. These relations 
are given by schematic curves on Fig. 2, 
a =/f(t) (curve 2) and 6 = g(t) (curve 1) 
plotted for the case in question. If A is the 
sole precursor of B, then at the initial 
moment fy = 

If a small amount of unlabelled product B 
is introduced into the mixture together with 
labelled A the aspect of curve f = g(t) 
changes. In this case « will still decrease 


(13) 


Specific activity 


Time 
Fic. 2. Specific activity change of products A 
(curve 1) and B (curve 2) for the case when B is 
formed from labelled and non-labelled products. 


with time but # will be zero at the initial 
moment. It follows from (11) that at the 
beginning of the process dB/dt > 0. When f 
becomes equal to a the derivative df/dt 
becomes zero. It means that at the maximum 
point of the curve 6B = g(t) « and f values 
coincide. These relations are given schemati- 
cally on Fig. 3. 

In case product B is formed not only from 
labelled product A but also from other non- 
labelled precursors the curves = 9(t) 
assume a different form, as can be seen 
from 


In this case df/dt separates into two parts the 
first of which depends upon the rate value w, 
in accordance with (11) and the second 
upon w,’ in accordance with (13) 


[B] 


Simple transformations give 


dp [% — B(w/w,)]o, 
[B] (15) 
where w = w, + wy’. 

As has been pointed out the specific 
activity of product B at the initial moment 
is By = % when the product is formed only 
from precursor A. If non-labelled products 


(14) 


Specific activity 


Time 
Fic. 3. Specific activity change of products A 
(curve 1) and B (curve 2) after addition of A* 
and B. 
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a 


t min 
Fic. 4. Specific activity of products A (curve 1) 
and B (curve 2) for the case when A is not the 
only precursor of B. A* and B added at the 
beginning of the reaction. 


participate in its formation active B mole- 
cules would be diluted by non-active mole- 
cules with a consequent decrease of specific 
activity # (Fig. 2). 

Curve 2 6 = g(t) usually lies lower than 
a = f(t) (curve 1). 

In case the non-active precursor of pro- 


duct B is an intermediate its initial con- 

centration will be zero and fy, = a». If then 

a labelled product A and a non-labelled 

product B are added to the mixture in the 

course of reaction curves « = f(t) and p = 

g(t) will assume the form shown on Fig. 4. 
It follows from (15) that the relation 


Ww 


wy 
is valid for the moment of the reaction corre- 
sponding to the maximum value of /. 

Under described conditions of experiment 
the maximum of curve # = g(t) might 
appear to be above the curve « = f(t) as 
shown on Fig. 5. 

Such experimental results can be explained 
on the assumption that B’ is the immediate 
precursor of B and is itself formed only from 
A. In this case the specific activity p’ of 
product B’ will lie above «, as shown by the 
broken line. At the maximum point f = /’. 
If B is formed not only from B’ but also from 
a certain non-active product, then as has 
already been pointed out the curve fp = (t) 
will lie lower and maximum f might 


(16) 


Specific activity 
Concentration 


Time 
Fic. 5. Specific activity of products A (curve 1) and B 
(curve 2). The broken lines show the specific activity of 
B’ (curve 3) and B (curve 4) for the case when B’ is not 
the only precursor of B. 


accidentally coincide with curve « = f(t). 

Thus the identity of « and / values in 
point Pmax cannot be considered as an 
absolute proof of A being an immediate pre- 
cursor of B. This can be confirmed only by 
ascertaining the absence of intermediates in 
the conversion reaction of A to B. 

It has been assumed above that labelled 
and non-labelled additions were introduced 
into the mixture before the beginning of the 
reaction. However all the equations deduced 
can also be used for such experiments where 
the additions could be introduced at any 
chosen moment of the reaction. 

Concentration and_ specific activity 
curves of substances A and B are given 
schematically on Fig. 6 for the case of a 


| 


Specific activity 
Concentration 


Fic. 6. Addition of a labelled intermediate into an 

already reacting mixture. Curves | and 4 show the 

specific activity of products A and B correspondingly, 
curves 2 and 3—their concentration change. 
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small amount of labelled A being intro- 
duced into the mixture after a certain 
time interval. 

The basic equations of the kinetic method 


being known we might further investigate 
the possibilities of this method and try to 
solve some problems connected with kinetics 
of complex reactions. 


FORMATION AND CONSUMPTION RATES OF VARIOUS INTERMEDIATES 


The labelled product B being introduced 
into the mixture and its concentration and 
specific activity # for various moments of the 
reaction being evaluated, its rate of for- 
mation w, and rate of consumption w, 
can be calculated using following equations 
easily deduced from (1) and (12) 


ain 
] d|B 


Using the above-mentioned equations 
NEIMAN and FEK.isov®) evaluated formation 
and consumption rates of acetaldehyde in 
butane oxidation for an equimolecular 
butane-oxygen mixture with addition of a 
small amount of CH,C“HO. The experiment 
was carried out at initial pressure P = 240 
mm and temperature ¢ = 295°C. The 
acetaldehyde concentration at various mo- 
ments of the reaction was determined by a 
polarographic method. Aldehydes were 
isolated from the reaction mixture by means of 
dimedone. Formaldehyde dimedonate was 
dissolved in alkali and acetaldehyde dime- 
donate was purified by recrystallization. 
Activity was determined by means of a 
counter. The values of derivatives d[B]/dt 
and d Inf/dt were found graphically. Calcu- 
lated values of formation and consumption 
rates of acetaldehyde in butane oxidation 
are given on Fig. 7. At the beginning of the 
reaction the acetaldehyde formation rate is 
slow, later there is a rapid increase up to a 
maximum point with a subsequent also 
rapid decrease almost to zero. 

The curve of acetaldehyde consumption 
rate has a somewhat similar aspect but 
beyond the maximum point therate decreases 
not to zero but to a certain small yet easily 
measurable value. 

Maximum points of acetaldehyde for- 
mation and consumption rates appear to be 
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Fic. 7. Rates of acetaldehyde formation (curve 1) 
and consumption (curve 2) in butane oxidation. 


in the cold flame zone of butane. 

This method was also used in investi- 
gations of formation and consumption rates 
of formaldehyde, CO and alcohols in 
hydrocarbons oxidation, of ethylene in pro- 
pane cracking and of butylene in butane 
dehydrogenation. 


Amount of intermediates formed 

Formation and consumption rates of 
intermediates formed in complex reactions 
usually are of the same order of magnitude 
as can be seen from experiments on for- 
mation and consumption of acetaldehyde in 
butane oxidation. 

The amount of the accumulated inter- 
mediate product can be determined at any 
moment by direct analysis. It seems to equal 
the difference in the amounts of formed and 
consumed products. In certain cases only 
the value for the amount of the formed pro- 
duct is required without accounting for its 
consumption. This can be attained by 
means of equation (12) of the kinetic method. 
It follows from this equation that 


w,dt = —[B] dln (19) 
The amount of the product B formed can 
be found by integrating (19) 


[Blom = = ding (20) 
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These equations were used in determining 
the amount of acetaldehyde formed in 
propylene oxidation.“ 

Experiments using the CH, CH=CH, +O, 
mixture with addition of CH,C'HO were 
carried out at 315°C and initial pressure 
243 mm. 

From data plotted for [CH,C“HO] = 
f(t) and 6 = g(t) the authors have calculated 
the curve of aldehyde formation using equa- 
tion (20) (Fig. 8). The curve of acetal- 
dehyde accumulation together with the 
curve of acetaldehyde formation calculated 
by Potyak and STERN) from the suggested 
by them mechanism of propylene oxi- 
dation are given for comparison. 
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Fic. 8. Acetaldehyde formation (curve 1) and accu- 

mulation (curve 2) in propane oxidation. Curve 3— 

formation of acetaldehyde as calculated by Stern and 
POLYAK. 


DETERMINATION OF PRECURSORS 


Formaldehyde and CO are known to be 
formed in methane oxidation. The kinetic 
method was used to find out whether 
formaldehyde actually is the immediate 
precursor of CO.‘ 

Small amounts of HCHO and CO were 
added to a methane-air mixture and samples 
were taken at various moments of the 
reaction. Formaldehyde was isolated as 
dimedonate. Carbon monoxide was oxi- 
dated to carbon dioxide and converted 
into BaCOs. Specific activities of dime- 
donate derivatives of formaldehyde and 
BaCO, were determined by a counter. The 
results of specific activity measurements are 
given on Fig. 9. 

As can be seen from the figure the CO 
specific activity maximum lies on the curve 
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Fic. 9. Specific activity of formaldehyde (curve 1) and 
carbon monoxide (curve 2) in methane oxidation. 


3 


of formaldehyde specific activity. The 
absence of other intermediates with a speci- 
fic activity higher than that of formaldehyde 
can be considered as a proof of formaldehyde 
being the only precursor of CO. 

In studying the propane cracking 
mechanism MeEpvEDEVA and TorsuEva") 
observed the formation of considerable am- 
ounts of ethane. They suggested that ethane 
was formed in the hydrogenation of ethylene 
and carried out a series of experiments on 
propane cracking adding small amounts of 
labelled ethylene and non-labelled ethane. 
Reaction products were separated by the 
chromatographic method.) The combustion 
of C,H, and C,H, lead to formation of CO,. 
The latter was converted into BaCO, and 
its activity measured by an end-window 
counter. The results of these experiments 
given on Fig. 10 appear to confirm that 
C,H, actually is the precursor of ethane in 
propane cracking. 

In a temperature zone from 300 to 400°C 
the reaction products of hydrocarbons 
oxidation always contain CO and CQ,. 
Some authors suggested that CO, is formed 
as a result of CO oxidation and to find out 
whether this is the case corresponding 
experiments‘) were carried out on oxidation 
of an equimolecular butane-oxygen mixture 
with small additions of C“O and CO,. The 
temperature was maintained at 285°C, the 
initial pressure was 200 mm. Reaction 
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Fic. 10. Specific activity of ethylene (curve 1) and 
ethane (curve 2) in propane cracking. 


products were led out of the reaction vessel 
at various time intervals. Carbon dioxide 
was absorbed by Ba(OH), and CO oxidated 
to CO,, which wasalso absorbed by Ba(OH),. 
The BaCO, formed was decomposed by 
H,SO, and the specific activity of the 
isolated CO, was measured by a butane 
internal counter. The results are given on 
Fig. 11. As can be seen from the curves the 
maximum of CO, specific activity lies much 
lower than that of CO. 

This leads to the conclusion that the 
greater part of CO, is formed not from CO 
but from other non-active precursors. It can 
be calculated from equation (16) that in this 
case w/w, = 26 which shows that less than 
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Fic. 11. Specific activity of carbon oxide (curve 1) 
and carbon dioxide (curve 2) in butane oxidation. 


4 per cent of CO, are formed as a result of 
CO oxidation. 

It appears that in catalytic dehydro- 
genation of butane to butadiene, butene will 
be formed as an intermediate. When this 
reaction is carried out over a chrome cata- 
lyst at 635°C there is a carbon deposit on the 
Jatter. No deposit is observed if water 
vapour is added to butane but considerable 
amounts of CO, are found in the reaction 
products. 

Three series of experiments on butane- 
butylene dehydrogenation were carried out 
for determining the CO precursor‘) with 
additions of labelled butane, butene and 
butadiene in the first, second and _ third 
series correspondingly. Pure butane, butene 
as C,H,Br, and butadiene as tetrabromide 
were isolated from thereaction products. CO, 
was absorbed by Ba(OH),. The combustion 
of hydrocarbons lead to formation of CO, 
which was then absorbed by Ba(OH),. The 
BaCO, specific activity was measured by an 
end-window counter. These experiments 
have shown that CO, is formed from all the 
above-mentioned hydrocarbons. Using the 
kinetic method it was found that the ratio of 
CO, formation from butadiene, butene and 
butane was 60:4: 1. 


Fic. 12. The energy curve for catalytic dehydrogena- 
tion of butane. 
Curves 1 and 2—energy levels for butane and adsorbed 
butane; curve 3—activated complex; curves 4 and 6—ad- 
sorbed butene; curve 5—butene in the gaseous phase; 
curve 7—activated complex; curve 8—adsorbed buta- 
diene; curve 9—butadiene in the gaseous phase. 
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DESORPTION OF REACTION PRODUCTS FROM THE 


CATALYST 


An intermediate product formed on the 
catalyst surface in the course of reaction 
might either become an end product or be 
desorbed. The kinetic method allows to 
determine the rates of both processes. ‘This 
was done in a recent investigation of the 
butane dehydrogenation mechanism"® in 
the dehydrogenation of labelled butane-non- 
labelled butene mixture. Identification of 
active butene in the gaseous phase allowed to 
conclude that butene formed in butane 
dehydrogenation can be desorbed from the 
catalysts. Hence the reaction will proceed 
according to 

C,Hsg 
wt t 

(C4Hyo)aas —> (CyHg)aas —> (CyHg) aas 
The energy scheme of this reaction is given 
on Fig. 12. In case of this reaction w, > wW». 
Experimental data on the desorption of 
C,H, molecules from the catalyst surface 
were obtained using the kinetic method. 
To find out whether the desorption of 
active species was possible Popov") has 
designed the apparatus shown on Fig. 13 
and carried out experiments on oxidation of 
isopropyl alcohol with air. A gas flow with 
with a 3 per cent acetone and 20 per cent 
isopropyl! alcohol content was let with great 


SURFACE 


velocity over the surface of a silver catalyst 
heated to 540°C and then conducted into a 
tube the temperature of which was maintained 
at 230°C. Small amounts of CH,C“OCH, 
could be introduced into the tube. Gas 
samples for analysis and for measuring the 
activity of reaction products were taken 
through special outlets. 

Experiments have shown that formation of 
isopropyl alcohol is observed in the gas flow 
after it has passed over the catalyst surface, as 
well as a gradual decrease of acetone con- 
centration. The process of active isopropyl 
alcohol formation does not go on if the 
catalyst heating supply is switched off. 

The observed facts can be explained by the 
hypothesis of radicals desorption from the 
catalyst surface. Being carried off by the 
gas flow the radicals might initiate a chain 
reaction of acetone hydrogenation in the 
comparatively cold tube. ‘This reaction 
would possibly proceed by the following 
scheme 


R'+H,—>»RH+H 


H’ + CH,COCH, —> CH,CH-CH, 
CH,CHCH,+H,—» CH,CHOHCH, +H: 


8 9 ie 


Fic. 13. Design of the apparatus for experiments on catalytic oxidation of isopropyl alcohol. 1—inlet for 

the vapour-air mixture; 2—catalyst; 3—stove; 4—heating element; 5—thermocouple soldered to the 

catalyst; 6—inlet for additions into the flow; 7—thermo-couple; 8—reaction tube; 9—heat insulation; 
10—samples outlet. 
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Thus experiments have shown that the 
kinetic method might lead to interesting 
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results in investigating the mechanism of pro- 
cesses taking part in heterogenous catalysis. 


THE RATE OF ELEMENTARY REACTIONS 


Stable labelled products can be formed in 
reactions of labelled radicals with molecules 
and also as a result of their decomposition, in 
case labelled radicals are introduced into the 
mixture. ‘The rate constant of separate 
elementary processes can be sometimes 
determined from the formation rate of stable 
products evaluated by the kinetic method. 
When the rate constant is known from other 
experiments the kinetic method allows to 
determine the concentration of free radicals 
participating in the reaction. 

The possibility of such an application of 
the kinetic method has been considered only 
lately but it is foreseeable that it might allow 
the study of the rate of separate elementary 
reactions taking part in complex chemical 
systems. This can be illustrated by the 
following. 

The acetyl radical is known to be one of 
the active centres of chain decomposition and 
oxidation of acetaldehyde. Thus when 
iabelled acetaldehyde is introduced into a 
mixture where the oxidation of a hydro- 
carbon takes place it means that acetyl 
radicals are introduced into the same mixture 
simultaneously. For this purpose SERDYUK"?) 
prepared the CH,C™HO acetaldehyde label- 
led in the carbonyl group and added a small 
amount of this acetaldehyde to slowly 
oxidized propylene—-oxygen mixtures. The 
investigation of reaction products has shown 


that an active carbon monoxide and carbon 
dioxide are formed as a result of oxidation. 

It might be suggested that CO is formed 
as a result of monomolecular decom- 
position of the acetyl radical and CO," 
as a result of a bimolecular process of inter- 
action between the acetyl radical and an 
oxygen molecule in accordance with the 
following scheme 


CH, +C“O 


ky 
CH,C#O 


CH,O+ 


-O—O 


CO, being an end product and there being 
practically no consumption of CO it 
appears that the amount of acetyl radicals 
having taken part in the reaction can be 
evaluated from the total activity and 

If the acetaldehyde specific activity 1s 
equal to « and the monomolecular decom- 
position rate is w, the following equation is 
valid 


aw, dt = doo (21) 


The equation for the accumulation of the 


Tasie 1. Determination of the rate constant in the reaction of an acetyl radical with oxygen 


C;H, + 20, 
dico, k, x 
# (sec) (umole/l.) digg [O,] cm/sec 

120 4-2 0-93 1-9 
200 oo 0-41 0-8 
240 3-5 0-53 | 1-1 
250 25 0-50 1-0 
280 1-12 22 


C,H, + O, 

[O,] | dlco,, 1 ky x 10! 

er) (umole/l.) digg [Og] cm?/sec 
100 3-1 | 1-40 28 
120 2:8 0-75 15 
130 
140 1-6 1-12 2.2 
150 0-7 1-27 2:5) 
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CO, total activity is deduced similarly 
LW dt = Alco. 


w, = k,[CH,C"O] (23) 
= [O,] (24) 


it follows from equations (21)—(24) that 


The results of two series of experiments are 
listed in Table 1. 

The value of constant k, was determined 
by STEAcrE and other investigators. Accor- 
ding to SEemENov") the most probable 
value of this constant is k, = 10% ¢—18000/2?. 

Assuming this value SERDyUK has calcu- 
lated from the above-mentioned experi- 
mental results the value of constant ky using 
equation (25). Though the oxygen con- 
centration changed seven times no syste- 
matic change of the constant k, was observed 
and the maximum and minimum values 
differed from the mean one not more than by 
40 per cent. The mean value was 2 10- 
cm$ 

The rate of CO formation in acetyl radical 
monomolecular decomposition can be easily 
found from (21) 


(22) 
As 


dle 
a dt 


The constant value being known it is easy 
to calculate the concentration of acetyl 


w = k,[{CH,C“O] = (26) 


radicals at any moment of the reaction. The 
calculated maximum concentration of acetyl! 
radicals in propane oxidation was of the 
order 10° cm-%. 

In case the rate constant is known the 
radical concentration can be calculated from 
the rate of formation of intermediate or end 


- products determined by the kinetic method. 


The concentration of normal propyl radicals 
at various moments of the thermal decom- 
position reaction of propane was calculated 
by Mepvepeva"™ after having determined 
the rate of ethylene formation from propyl 
radicals at 580°C. ‘The propyl radical 
decomposition constant k = 10!¥8¢~28000/R? 
was used for these calculations. 

The concentration of hydrogen atoms in 
propane cracking was calculated using the 
reaction of ethylene with hydrogen atoms and 
determining the rate of formation of ethane 
from ethylene. The results of these calcu- 
lations are listed in Table 2. 


2. Concentration of n*°C,H, and H 
atoms in propane cracking. 7’ = 580°C 


x 10- cm 


°% of propane 
conversion | 


EVALUATION OF THE REACTION ORDER 


The order of the reaction accounting for 
intermediate product consumption can be 
evaluated by the kinetic method. 

The consumption rate w, of the inter- 
mediate product B is obtained from (18). If 
the reaction order accounting for consump- 
tion of B is n, we have 


dt dt 
Multiplying both parts of (27) by £ we get 


—[B]— = (27) 


dp 
— = (28) 


Substituting the total activity J for the [B| 6 
value 


(29) 


_diniI 


n—1 


The reaction order n can be calculated by 
determining the J value for product B at 
various moments of the reaction. This is 
done by simply plotting the experimental 
results in co-ordinates log J and ¢. If there 
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is a deviation from linearity of the plot then 
the value n can be calculated by one of the 
graphical or analytical methods. 


If the 


experimental points are on a straight line it 
means that dIn J/dt = const and the reac- 
tion order isn = 1. 


POSSIBLE APPLICATIONS OF THE KINETIC METHOD 


As can be seen from above the new method 
already used in many Soviet Laboratories 
has allowed to obtain many interesting 
results in kinetic investigations of cracking 
reactions, hydrocarbon oxidation and certain 
catalytic processes. The new method is 
bound to be extended further not only 
theoretically but also in the direction of its 
possible applications. We think that it might 
be used with very good results in quanti- 
tative investigations on kinetics of complex 
reactions, especially in organic systems. 


Another application of the method would be 
in the study of reactions in liquids and solids. 

The use of the kinetic method in investi- 
gating the influence of pressure on reaction 
rates might elucidate the mechanism of pro- 
cesses participating in the formation of acti- 
vated complexes. The possibility of using 
the new method in investigations of elemen- 
tary processes taking part in complex 
systems is not yet fully realized. Finally 
biochemical processes open a very vast 
field of possibilities for the new method." 
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Radiation Polymerization Dosimetry 
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A high energy radiation dosimeter based on the radiation polymerization of a liquid is 
suggested. The proposed dosimeter has been used to obtain data in investigation of factors 
affecting the conversion of a liquid to a gel or solid by the use of X-ray and gamma rays. The 
proposed dosimeter utilizes a gelatin capsule as the container for the dosimetric liquid. It is 
very cheap to produce, may be discarded after use, and may be read without auxiliary equip- 
ment by untrained personnel. Data obtained with this instrument indicate that for intensities 
between 500 and 2500 r/min, the dose required for gelation is independent of dose rate. The 
data indicate that the gelation dose depends to some extent on the energy of the radiation and 
that gelation resulting from an intense dose of short duration is complete within 30 min after 
the dose is delivered. The particular dosimetric substance is stable over a long period in 
darkness and its response to radiation is not markedly dependent on temperature, although 
temperature effects have not been investigated over wide ranges. 


JO3SUMETPHA 


TaKOrO THMa O4eHb HX MO/KHO BLIOPAChIBATh 
JlaHHble, MOMOMM sTOrTO WOKasbiBaloT, 4YTO B 
500-2500 p/MMH He BIIMAeT Ha BeMYMHY WIA 
KPaTKOBpeMeHHOrO MOMNHOCTH, B TeYeHHe 30 
He 3aBHCHT OT TeMIepatypbl, XOTH TeMMepaTypHble He 
B INMpOKHX 


EIN POLIMERISATIONS-STRAHLUNGSDOSIMETER 


Ein Strahlungsdosimeter, welches auf der Strahlungspolimerisation einer Fliissigkeit 
beruht, wurde vorgeschlagen. Dieses Dosimeter fand bereits Anwendungbei der Unter- 
suchung der Bedingungen zur Umwandlung von Fliissigkeiten in Gele oder feste Koérper 
durch Einwirkung von Réntgen- und y-Strahlung. Das vorgeschlagene Dosimeter sieht 
eine Gelatinekapsel als Behalter fiir die Dosimeterfliissigkeit vor, seine Herstellung ist billig, 
es kann nach Gebrauch weggeworfen werden und es kann ohne weitere Hilfsgerate durch 
ungeschultes Personal abgelesen werden. Die mit diesem Gerat erhaltenen Messwerte 
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zeigen an, dass die fiir die gelierung notwendige Dosis bei Intensitaten zwischen 500 und 
2500r/Minute von der Dosisrate unabhangig ist. Hingegen ist die Gelierungsdosis bis zu 
gewissem Grade von der Energie der Strahlung abhangig und die Gelierung hervorgerufen 
durch eine kurzfristige intensive Strahlungsdosis ist bereits 30 Minuten nach Beendigung 


der Bestrahlung vollzogen. 


Die speziell vorgeschlagene Dosimetersubstanz halt sich bei 


Aufbewahrung in Dunkelheit langere Zeit hindurch stabil und ihre Empfindlichkeit der 
Strahlung gegeniiber ist auch nur wenig temperaturabhangig. Allerdings wurde der Tem- 
peratureffekt nur innerhalb eines kleinen Bereichs untersucht. 


INTRIGUING similarities between biological 
substances and some of the monomeric resins 
as regards their sensitivity to high energy 
radiation have been noted. This is true 
especially in relation to the existence of 
macromolecules in these substances which 
may be susceptible to polymerization and 
degradation. It may be noted also that the 
atomic composition of certain combinations 
of polyesters and monomers is very similar 
to that of soft tissue. With these properties 
in mind it has seemed profitable to compare 
the radiation response of some liquid plastic 
compounds with that of tissue with the idea 
in mind that properly compounded ma- 
terials might serve as radiation dosimetric 
materials. 

Organic compounds may be crosslinked 
to form larger molecules, degraded to form 
smaller molecules, or both reactions 
may occur at the same time when radia- 
tion energy is absorbed by the molecules. 
CHARLESBY") has investigated these processes 
in paraffins and has determined the energy 
required to produce chain fracture and cross- 
link as well as the ratio of fracture to cross- 
link. When crosslinking is the predominant 
reaction some liquids will change to in- 
fusible solids after receiving the required 
dose. Fig. 1 shows this sudden transformation 
as well as the difference in dose required by 
different molecular weight paraffins to pro- 
duce this transformation. This suggests that 
the dose required to produce an infusible 
solid can be varied by controlling the average 
molecular weight of the liquid irradiated. 

We have utilized the sharp transition in 
certain styrene-polyester substances contain- 
ing inhibitors to provide a quantitative end- 
point for the study of radiation response. 

The experimental cells consisted of trans- 
parent gelatin capsules (size 000) containing 
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Fig.1 Melting-point and radiation dose n-paraffins 
Fic. 1. Data shown by Cuarvessy") indicating the 


sharp increase in melting point with radiation dose. This 
is Fig. 1 of CHARLEsBy’s article. 


a polymerizable liquid, an air bubble, and 
a metal sphere (Fig. 2). During irradiation 
the cells, with their long axes parallel to the 
direction of the radiation, were set in a ring 
of holes in a plastic foam block. The center 
of the ring coincided with the central axis of 
the beam and the ring was rotated about 
this axis to insure uniformity of irradiation 
of the test cells. 

Appropriately filtered radiation from a 
250 kV X-ray unit, calibrated with a Victo- 
reen condenser-r-meter, was used for most of 
the investigations, although some tests were 
made with Co® radiation. 

Data were obtained by inverting each cell 
after irradiation and observing the final 
position of the sphere. Gelation or solidi- 
fication of the test substance at any point 
was indicated by failure of either the bubble 
or the metal sphere to move beyond this 
point. When used in the manner described 
above to obtain numerical response data the 
radiation intensity varied along the axis of 
the cell due to inverse square law. A pre- 
determined dose could be delivered at any 
desired depth below the upper end of the 
cell in which case the cell behaved as a 
directional dosimeter. Usually, the dose 
chosen was that which would cause gelation 
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Fic. 2. Dosimeter cells. The one on the left has been 
irradiated and inverted. 
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to terminate at the line formed around the 
center of the cell by the end of the cap. 
Under these conditions, inversion of the cell 
caused the sphere to fall to this line. Varia- 
tions in the position of the sphere from this 
index line were measured in mm. Cali- 
bration in terms of r/mm of gelation pro- 
vided data on reproducibility of results. One 
mm variation, corresponding to approxi- 
mately 2 per cent of the total dose could be 
readily observed. The dosimeter may, how- 
ever, be used under isotropic radiation con- 
ditions in which it would serve as a “‘go-no- 
go’’ device for a predetermined dose as deter- 
mined by the procedure described below. 


Reliability and simplicity of a dosimeter 
require that the response of the dosimetric 
substance be independent of radiation energy, 
independent of dose rate and stable over 
reasonable temperature ranges for extended 
periods of time. The usefulness of the dosi- 
meter will depend on the degree to which 
the dosimetric substance satisfied these 
requirements. 

Accordingly, investigations of these pro- 
perties of various possible dosimetric sub- 
stances were carried out. The results given 
here apply to one substance which appears 
to satisfy these requirements to such an ex- 
tent that it may have industrial possibilities. 


RESULTS 


Radiation absorption measurements for 
the liquid were compared with those of beef 
muscle. Fig. 3, in which the solid points are 
for tissue and the circles are for the dosimetric 
substance, shows that within the limits of 
experimental error, the absorption of the 
substance is the same as that of soft tissue. 
Since soft tissue absorption of radiation in 
this energy range is essentially one rad per 
gram roentgen, it is permissible to express 
the dose received by these dosimeters in rad. 
This practice is followed in plotting other 
data. 

Dose rate dependence was determined by 
irradiating groups of cells at different in- 
tensities at four different energies. Low dose 
rates were obtained by fractionating doses 
delivered at higher intensities. Fig. 4 shows 
the dose required for gelation to the index 
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Fic. 3. Absorption data comparing the dosimetric liquid 
(open circles) with beef muscle (solid circles). 


line versus intensity of radiation absorbed in 
rad per minute whether achieved con- 
tinuously or by fractionation. It is concluded 
that except for a slight effect which will be 
discussed later, the response of the dosimetric 
substance is independent of dose rate. 

Data taken from these curves at one in- 
tensity (1500 rad/min) for the different radia- 
tion energies are shown in Fig. 5. Points 
representing data taken at 100 kV with 
0-05 mm of Cu filter, at 150 kV with a 0-11 
mm of Cu filter, and at 200 kV with 0-21 mm 
Cu filter indicate a marked energy depen- 
dence. Subsequent data shown by the 
square points at 150 and 200 kV using the 
same Cu filter used with 250 kV radiation 
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Fic. 4. Data showing dose required for gelation at dif- 
ferent dose rates at different radiation energies. 
A 100 kV (0-05 mm Cu) 
A 150 kV (0-11 mm Cu) 
C} 150 kV (0-55 mm Cu) 
@ 200 kV (0-21 mm Cu) 
gm 200 kV (0-55 mm Cu) 
© 250 kV (0-55 mm Cu) 
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Fic. 5. Data showing radiation energy dependence of 
the dosimetric liquid when low filtration is used at low 
energies, and essential energy independence when heavy 

filtration is used (square points). 


A 100 kV (0-05 mm Gu) 
A 150 kV (0-11 mm Cu) 
— 150 kV (0-55 mm Cu) 
@ 200 kV (0-21 mm Cu) 
w 200 kV (0:55 mm Cu) 
© 250 kV (0:55 mm Cu) 


indicate that when the energies responsible 
for photoelectric absorption are removed by 
filtration, the dosimetric response is energy 
dependent to the extent of about 4 per cent 
per 100 kV. There is reason to believe, 
however, that with more nearly monochro- 
matic radiation and at higher energies the 
energy dependence would disappear. 

It is generally accepted that some radia- 
tion polymerization processes are chain re- 
actions. Such a reaction which is merely 
initiated by radiation and which goes to 
completion would be unsuitable for dosi- 
metric purposes. Obviously, the reaction in 
this material is not a chain which goes to 
completion, but it was necessary to deter- 
mine the extent of reaction after termination 
of irradiation. Two groups of capsules were 
irradiated, one at an intensity of 1270 r/min, 
the other at 2330 r/min. The extent of 
gelation in millimeters at various times after 
termination of the radiation was observed. 
These data are plotted in Fig. 6 where the 
time is shown in minutes after the mid-point 
of the radiation. It seems clear that poly- 
merization is essentially complete within 30 
min after termination of irradiation. 

Assuming that the polymerization of this 
dosimetric substance is the result of radical 
formation, it is a fairly simple matter to 
adjust the sensitivity range of a given dosi- 
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Fic. 6. Data showing completion of the reaction within 
30 min after termination of irradiation. 


meter to any desired value above the thres- 
hold by using radical neutralizers or sca- 
vengers.'?) As used here the threshold is the 
smallest dose which will produce polymeri- 
zation in a given dosimetric material when 
all radical neutralizing substances such as 
oxygen or iodine are absent. An accurately 
linear relationship, as shown by Fig. 7, exists 
between dosimeter response and the amount 
of iodine added to the dosimetric material. 
By this means the dose range of the dosimeter 
has been extended from 1-5 x 104 rad to 
2-5 x 10° rad and there is no reason to 
doubt that it can be extended as far as 
desired by changing the composition of the 
material. 

Using this method of adjusting the dose 
sensitivity of any given cell, a group of cells 
each having a different dose sensitivity can 
be used as a unit to measure an unknown 
dose. When exposed to a given unknown 
dose a number of the higher sensitivity cells 
will polymerize while the remainder will 
remain liquid. The unknown dose will then 
be bracketed between the gelation dose of 
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Fic. 7. The radical scavenging effect of iodine is shown 
to be linear over the range indicated when iodine is added 
to the dosimetric material. 
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the lowest sensitivity cell which gels and the 
gelation dose of the cell having the next 
lower sensitivity. Once the unknown dose is 
roughly bracketed, a second exposure using 
a group of cells covering only the restricted 
range can pinpoint the dose within any 
desired limits depending on the number of 
cells used. An alternative to the second set 
of cells would be to give an additional 
measured amount of radiation to the lower 
sensitivity ungelled cell to complete the 
gelation dose. The difference between this 
added measured dose and the known pre- 
determined gelation dose for this cell is the 
magnitude of the unknown dose. 

Evidence obtained when test cells were 
prepared with dosimetric material from 
which oxygen had been removed, indicate 
that oxygen may play a role similar to that 
of iodine in altering the sensitivity. Because 
of the difficulty of excluding oxygen and of 


preparing dosimeters in nitrogen, the results 
given above were obtained with material in 
which oxygen absorbed in the material was 
in equilibrium with that in the air. For 
purposes of comparison and to make sure 
that relative results were not affected by 
differences in oxygen tension, control cells 
were always included with each test. 

The dosimeters described above are ob- 
served to be independent of the dose rate and 
independent of radiation energy in the indi- 
cated ranges. The dosimetric liquid is 
essentially tissue equivalent at 250 kV with 
0-55 mm of Cu filter and is stable for a 
storage period of several months. The dosi- 
meters cost less than a cent apiece for ma- 
terials and are easily fabricated. They can 
be read by untrained personnel without 
auxiliary equipment. Further tests are in 
progress to test the feasibility over energy 
and dose rate ranges beyond those mentioned. 
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The Damage to Plastic Scintillators 
by Ionizing Radiations* 
I. M. ROZMAN and kK. G. ZIMMER 


The light intensity from plastic scintillators with a polystyrene base is diminished by an 
increased dose of the «- and f-radiation received. Moreover, the exposure is accompanied 
by a decrease in the transmission of the plastic scintillators’ own luminescent light. This 
however is insufficient for quantitive explanation of the observed reduction in the intensity. 
The decrease in luminescent light yield is connected with radiation damage to the plastic 
scintillator. The «-radiation dose required to give 50 per cent damage in plastic scintillators is 
near 6 x 10° ergs/g, i.e. 50 times bigger than that required to damage equally single crystals 


of anthracene. 


L’ALTERATION DES SCINTILLATEURS PLASTIQUES 
PAR LES RAYONNEMENTS IONISANTS 


L’intensité lumineuse émise par des scintillateurs plastiques 4 base de polystyroléne décroit VOL 
quand ils sont soumis a des doses croissantes de rayonnement «x et f. De plus au cours de 3 
l’exposition de la transmission de la lumiére émise par luminescence par les scintillateurs 
plastiques eux-mémes diminue. Cela ne suffit cependant pas a expliquer quantitativement 
la réduction d’intensité observée. La décroissance du rendement en rayonnement de lumi- 


nescence se rattache a l’alteration par les rayonnements du scintillateur plastique. La dose 
de rayonnement «, nécessaire pour avoir une altération de 50% des scintillateurs plastiques, 
est d’environ 6 x 10% ergs/g, soit 50 fois supérieure a celle qui occasionnerait une altération 
semblable sur des monocristaux d’anthracéne. 


B 
BbISbIBAEMbIE 

C j103bI WHTCHCHBHOCTh CBeTa OT 113 
nacrMacchl Ha OCHOBe II pu 3TOM 
CaMOro CIMHTHLIATOpa 10 OTHOUICHHMIO K MCIlyCkKaeMOMy 
MM cCBeTY, O(HAKO, K 9TOMY He MOAKeT ObITh CBeeHO YMeHbIMeHHe 
MHTeCHCHBHOCTH.  SMeHbINeHHe BBIXOa CBeTa CBA3aHO C 
50-TH MIpOmeHTHOe CoctaBaAeT 6 x 10% apr/r, 
T.e. B 50 pas TpedyiomelicA cTeneHi 
aHTpaluta. 


DIE SCHADIGUNG VON PLASTIK-SZINTILLATOREN DURCH 
IONISIERENDE STRAHLUNG 


Die Lichtintensitat von Plastik-Szintillatoren auf Polystyrolbasis nimmt mit zunehmender 
«- und f-Strahlendosis ab. Dariiber hinaus wird die Durchlassigkeit des Szintillators fiir sein 
eigenes Lumineszenzlicht vermindert. Das geniigt jedoch nicht zur quantitativen Erklarung 
der beobachteten Abnahme der Lichtintensitat. Die Abnahme der Lumineszenzlichtausbeute 
steht im Zusammenhang mit einer Strahlenschadigung des Plastik-Szintillators. Zur 50 
prozentigen Schadigung des Plastik-Szintillators ist eine «-Strahlendosis von rund 6 x 109 
ergs/g erforderlich. Das ist 50 mal so viel als zur gleichen Schadigung von Anthrazen-Einkris- 


tallen nétig ist. 


* Translated by L. Bovey from Atomnaya Energiya 2, No. 1, 54 (1957). 
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THE practical value of the investigation of 
damage to plastic scintillators from ionizing 
radiations is fully evident and further 
justification is hardly necessary.“-*) The 
investigation of the processes of damage seems 
theoretically of special value in connexion 
with plastic scintillators. In contrast to 
scintillating single crystals (e.g. anthracene) 


these have several components and there is 
therefore the possibility of variation in the 
chemical composition. With the help of an 
investigation of damage in these, the general 
nature of the factors giving rise to damage in 
organic scintillators may be cleared up. At 
present many of the details in this process 
have not been explained. 


EXPERIMENTAL METHODS 


In our laboratory, investigations were 
conducted with plastic scintillators from 
polystyrene with special luminescent acti- 
vators, in particular, para-terphenyl (PT) 
and | :1:4:4-tetra-phenylbutadiene (TPB) 
and with pure polystyrene plastic scintil- 
lators. Luminescence was measured by a 
photomultiplier (type FEY-19) and a mirror 
galvanometer. For measurement of the 
emission and absorption spectra a spectro- 
photometer (type CF-4) with a special 
attachment was used. This acted as a 
monochromator for excitation of photo-lumi- 
nescence in a defined part of the spectrum. 

The plastic scintillators were exposed 


to «- and f-particles from preparations of 


of and Cel4—Pr!44, Polonium was 
deposited on a circular disk of about 5 mm 
diameter. The dose intensity from the 
polonium was defined by means of the 
measured ionization current in a flat air 


condenser charged at various voltages (to 
2000 V/cm). The saturation current was 
obtained by extrapolation. Our dry Ce—Pr 
preparation was contained in a flat stainless 
stee] cylinder of diameter 8 mm and height 
2 mm with an aluminium window of approxi- 
mately 11 mg/cm*. The activity of this 
preparation was determined by a comparison 
of its y-radiation with that from a standard 
Ce-—Pr preparation. A dose strength of about 
10° ergs/g/hr was used. 

Our plastic scintillator was in the shape of 
a small plate of about 20 mm diameter and a 
central thickness of 0-5 mm. Only the small 
section of 5 mm diameter at the centre of the 
scintillator was subjected to exposure and 
full investigation. The exposure itself was 
carried out as recommended in a desiccator 
(i.e. in a dry atmosphere) at a satisfactorily 
steady room temperature with the absence of 
violent draughts. 


CHANGE OF LIGHT ABSORPTION 


Many investigations have been carried out 
on the influence of ionizing radiations on 
plastics™® to study the effect on hydrocar- 
bons of composition C,,H»,+2.7" In the case 
of n =2 to n= 1000 (polythene) these 
effects did not depend to any large extent 
on the length of the molecular chain nor on 
the type of ionizing radiation. The influence 
of the ionizing radiation on polystyrene was 
published in considerably more detail. It is 
known that in polystyrene links are formed 
under the influence of the radiation, i.e. the 
cross-linking between molecules. However, 
for identical intensities of radiation this pro- 
cess in polystyrene went considerably more 
slowly than in polythene; the production of a 
cross-link in polythene needed 24 eV but in 
polystyrene 300-500 


Another effect, playing its part when both 
plastic and crystal scintillators e.g. anthra- 
cene, are exposed, is that these materials 
become yellow, brown or even black. The 
coloration of the scintillators leads naturally 
to a diminished output of light and therefore 
must be considered in the measurement of 
luminescence. We were interested to know 
how this affected the technique of measuring 
the luminescence of the plastic scintillators. 
This discoloration was investigated by a 
method which allowed the most direct 
determination of the transmission of the 
scintillators’ own luminescent light in relation 
to the exposure given to the sample. The 
sample, exposed for various doses, was 
placed between the photomultiplier and 
a #-radiation excited scintillator of a similar 
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nature to that of the sample. This enabled 
us to measure the transmission of the samples 
in relation to the exposure dose, the trans- 
mission of the unexposed sample being taken 
as 100 per cent. 

The results from similar measurements on 
pure polystyrene and polystyrene with acti- 
vator are shown in Fig. 1. Itis seen that in all 
three materials the transmission diminishes 
in proportion to the size of dose, being most 
rapid in the pure polystyrene. Because, in 
luminescence, the main portion of the radia- 
tion for pure polystyrene lies in the region 
3100-3700 A (as reported in references 9 
and 13) and, for polystyrene with the acti- 
vator, lies in the region 4200-5000 A, it 
follows from the data shown in Fig. | that 
the processes for coloration are accom- 
panied by the formation of certain substances 
which strongly absorb in the ultra-violet 
region. This was confirmed by measure- 
ments of the absorption spectra of unexposed 
and exposed samples. In Fig. 2 a similar set 
of points is shown, taken to decide whether 
the diminished transmission of light observed 
with the size of dose depends on the source 
intensity. It is seen that in the investigated 
region there is no dependence; this confirms 
data from various other radiation effects. 

It is interesting to note the following two 
cases. First, the luminescent light trans- 
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Fic. 1. Transmission of luminescent light as a 
function of the «-particle dose. 
1. Plastic scintillator with 1-5 per cent TPB. 
2. Plastic scintillator with 3 per cent PT and 
0-02 per cent TPB. 
3. Plastic scintillator without activator. 
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Fic. 2. Transmission measurement of plastic 
scintillators with 1-5 per cent TPB under various 
exposures to «-particles. 
@ Dose intensity 38 x 108 ergs/g/hr 
@ Dose intensity 6-7 = 10° ergs/g/hr 
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mission of a scintillator with TPB, by a 
sample from pure polystyrene, differs only 
slightly from the transmission of this light by 
a plastic scintillator with activator, which 
has received the equivalent radiation dose. 
Therefore it is natural to suppose that the 
decrease of transmission in all cases depends 
mainly on the type of damage in the poly- 
styrene. Secondly, the relation between 
measured transmission of plastic scintillators 
with activators PT and TPB and the received 
radiation dose follows a simple exponential 
law up to doses of 7-5 x 101! ergs/g. With 
this dose each 100 eV is absorbed in 2-1 
10-** g of the plastic, i.e. the average mass of 
the polystyrene molecule. The exponential 
relation between the transmission and the 
dose shows that the number of absorbing 
centres grows proportionally to the dose. It 
can be imagined that this is the result of 
either the highly effective migration of the 
exciting energy from damaged molecules 
to the undamaged with subsequent damage 
or a sufficiently small absorption damage 
reaction yield. Experimentally it is found that 
for a dose of 5 x 101! ergs/g the transmission 
of light by plastic scintillators activated by 
TPB diminishes by the factor e, i.e. the coeffi- 
cient of absorption appears to be approxi- 
mately 110 cm~!. Because it is desirable to 
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give to the substances formed from radiation 
damage in the polystyrene and affecting the 
absorption of light a molecular weight of 
approximately 100, the size of the molar 
absorption coefficient must not be more than 
150 1./mole/em (the upper limit) and the 
damage reaction yield ‘“‘g’’ must not exceed 
0-6 molecules per 100 eV. 


Finally we examined the decrease in 
transmission under «- and f-radiation of 
self-luminescent light in plastic scintillators 
containing 1-5 per cent TPB. It was shown 
that «-particles have nearly 8 times the 
effect of 6-radiation so that this number has 
a part in the reaction with a small yield. 


LUMINESCENCE YIELD CHANGE 


Measurement of the light yield in plastic 
scintillators with radiation damage was 
carried out on samples from pure polystyrene, 
polystyrene with activators PT (2-5 and 3 
per cent) and TPB (from 0-01 to 0-12 per 
cent) or just TPB (1 per cent). The results 
are drawn on Fig. 3 from one series of tests 
with «-particles with three types of plastic 
scintillators. In Fig. 4, the action of «- and 
f-radiation on one type is compared. All 
values of light yield are measured as lumines- 
cence excited by radiation similar to that 
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Dose 10° erg/g 
Fic. 3. Luminescent yield as a function of the «- 
radiation dose received by the scintillator. 
1. Plastic scintillator with 1-5 per cent TPB. 
2. Plastic scintillator with 3 per cent PT and 
0-02 per cent TPB. 
3. Plastic scintillator without activator. 


which damaged the sample. The definition 
of relative luminescent yield was introduced 
as a correction for self absorption. The 
value of the spectral sensitivity of the photo- 
multiplier was not required because the 
light spectrum was practically constant. 
By themselves the data from the trans- 
mission measurements are _ insufficiently 
corrected because the centres of luminosity 
distribution are at all depths in the excited 
layer of the plastic scintillators. It was 
established that under our conditions (small 
sample diameter, large distance from sample 
to photomultiplier cathode for freedom from 
light conduction and dull surface of samples) 
the light undergoing frequent internal 
reflection in the scintillator practically did 
not fall on the photomultiplier. From our 
transmission measurements and the well- 
known distribution of the intensity of the 
exciting radiation in the thickness of the 
100 
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Fic. 4. Luminescent yield of plastic scintillator with 
1:5 per cent TPB as a function of the radiation dose 
received. 

1, B-radiation Cel4—Pr'4, 

2. a-radiation Po*!®. 
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plastic scintillator the correction was calcu- 
lated with a sufficiently good approximation. 

From the corrected data it is seen that with 
increasing radiation dose the luminescent 
yield decreases (Fig. 3) and with equal 
doses of the «- and /- radiation the decrease 
is greater when the sample is radiated by 
x-particles (Fig. 4). However the damaging 
effect of «-radiation on plastic scintillators is 
smaller than that in organic monocrystals 
(Table 1) and the difference in the effect of 
of «- and f-radiation is not so strongly shown 
as that reported for anthracene. 

The data from the «-particle exposure 
tests show two types of plastic scintillators 
(Fig. 5) which in the intensity range of the 
investigation do not show dependence on the 
dose intensity. This is in contrast with the 
monocrystals of anthracene”) for which the 
damage calculated for a standard dose was 
bigger for a smaller dose intensity. 

Since the initial first value has been assumed 
to be 100, Figs. 3-5 give neither the absolute 
value of the luminescence yield for indi- 
vidual plastic scintillators nor the ratios. 
Theyshowon a convenient scale acomparison 
of the reduction in luminescent yield in 
relation to the dose; the form of the decrease 
differs in the various plastic scintillators and 
cannot be expressed as a simple mathematical 
function. The first part of the curves (up to 
80 per cent damage) for «-particle exposure 
follows an exponential law sufficiently well 
but departs from this at higher doses (Fig. 3). 


TasBie 1. «-Radiation dose giving rise to 
50 per cent damage of organic scintillators 


Scintillator Dose in 108 ergs/cm* 


Monocrystals* 


Anthracene 1-3 
Naphthalene 1-7 
n-Terphenyl 
Stilbene 7-0 
Pyrene 13-0 
Toluene 32:0 
Plastics 

Pure polystyrene 50 
Polystyrene with 3 per cent | 

PT and 0-02 per cent TPB 60 
Polystyrene with 1-5 per cent 

TPB | 90 
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Fic. 5. Luminescent yield of various plastic 
scintillators in relation to the received «-radiation 
dose with various dose intensities. 

1. Plastic scintillator with 1-5 per cent TPB 
@ 38 x 108 ergs/g/hr A 6-7 x 108 ergs/g/hr. 
2. Plastic scintillators with 3 per cent PT and 

0-02 per cent TPB. 
x 38 x 108 erg/g/hr © 6:7 x 108 erg/g/hr 
The full curves may only be represented by 
a rough approximation as the sum of two 
exponents. 

Plastic scintillators containing the acti- 
vator do not follow the equation given by 
organic monocrystals which have the form 
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Fic. 6. A comparison in the form L,/L = (1 + kD) 
of experimental data from three plastic scintillators. 
1. Plastic scintillator with 1-5 per cent TPB. 
2. Plastic scintillator with 3 per cent PT and 
0-02 per cent TPB. 
3. Plastic scintillator without activator. 
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1/(1 + kD) where D is the dose value and k is 
a certain coefficient not related to D (see 
Fig. 6). The f-radiation curve differs from 
the exponential shape given by «-radiation. 

In order to obtain some supplementary 
ideas on the process of damage in plastic 
scintillators, it is useful to analyse quanti- 
tatively the initial decrease in light yield. 
The curve in Fig. 3 shows that the dose 
required to decrease the light yield ¢ times 
(D,) in all three types of scintillator differs 
little from one to another and has a value 
approximately 10!° ergs/g. The dose value 
in the scintillator with 2-5 per cent PT and 
0-01-0-12 per cent TPB does not depend 
(within 10 per cent) on the amount of TPB 
and is practically equal to this figure. 

It is easy to calculate that the dose D, for 
the plastic scintillators used correspond to 
the average absorption energy of the ionizing 
radiation—relative to one activator molecule 
—about 320 eV for the scintillator with 1-5 
per cent TPB and 70 eV for that with 2-5-3 
per cent PT and TPB. If the ionization 
energy of «-particles in an organic material 
is taken as approximately 35 eV the dose D, 
in one ionization come out on average at 
5 x 10-*! g of scintillator material and the 
average spacing between the ion pairs is 
20 A. In other words, in the volume of the 
plastic scintillator containing one TPB 
molecule the dose D, gives on the average 9 
ion pairs (320 eV). 

Because such an amount of energy is large 
in comparison with the bond energies of 
the molecule in question and the average 
distance between ion pairs is small, then it 
must be supposed, especially in connexion 
with the exponential fall of luminescent 
yield after initial damage, that the decrease 
of light yield is explained by a decrease in 
the number of undamaged activator mole- 
cules (PT or TPB). Moreover it is known 
that in similar molecules with conjugated 
pairs of bond and benzene rings even a 
bigger part of the excitation energy is very 
quickly distributed in vibrational energy 
and therefore disintegrated molecules are not 
formed. 

However, this supposition does not per- 
fectly correspond with the known relation- 


4 


ship of the luminescent value of plastic 
scintillators to the amount of activator. In 
this connexion the data on Fig. 7 must be 
studied. Plastic scintillators with TPB were 
radiated with /-particles from 
To measure the growth of the received dose 
the luminescence of this scintillator was 
excited by the f-radiation, «-radiation Po*!° 
and monochromatic ultra-violet light of 
wavelength 2537 A and 2663 A. It is easily 
seen that the luminescent light with ultra- 
violet excitation (3663 A) decreases signi- 
ficantly less than that from the ionizing 
radiation. Because near ultra-violet radiation 
excites luminescence on account of imme- 
diate absorption in the TPB molecules and 
polystyrene does not absorb, the different 
relation of the luminescent yield to the dose 
indicates that by itself the TPB damage is 
insufficient to explain the reduced yield. 
It also follows that this difference cannot 
be dependent on different depth of penet- 
ration by the exciting radiation since it is 
roughly equal for the ultra-violet radiation 


8 


relative units 


10° erg/g 


Fic. 7. The relationship showing the decrease in 
luminescent yield of /-radiated plastic scintillators 
(with 1-5 per cent TPB), relative to types of 
exciting radiation. 

1. B-radiation 

2. «-radiation Po?!°, 

3. Ultra-violet radiation—2537 A. 

4, Ultra-violet radiation—3663 A, 
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and the «-particles, and essentially different 
for «-and p-particles although in this case 
the first parts of the curves in Fig. 7 coincide. 

By such means it is shown that damage of 
TPB molecules is insufficient to explain fully 
the decrease in luminescent yield of plastic 
scintillators excited by ionizing radiation. 
Undoubtedly the damage of the main consti- 
tuent in every plastic scintillator—the poly- 
styrene—plays a large part. This is in 
contrast to monocrystals (e.g. anthracene). 
It must be considered that the exposure of 
polystyrene to a dose of approximately 
101° ergs/g leads not only to the formation of 
substances, quenching the TPB luminescence 


but in the same way is accompanied bya large 
probability of immediate transfer of exci- 
tation energy into heat. Quantitative 
calculations show that with certain reasonable 
values for parameters, this characteristic 
process for radiation damage can receive 
satisfactory confirmation from the experi- 
mental facts. Yet the represented scheme 
does not seem the only possibility and no 
choice between possibilities can be made. 
For a decisive answer to the question, it is 
evidently necessary to consider the chemical 
process of damage on the plastic scintillator 
surface and the physical—chemical properties 
of the radiation damage products. 


CONCLUSION 


On the basis of the collected experimental 
results the following conclusions can be made 
about the action of ionizing radiation on 
plastic scintillators. 

The luminescent yield decreases with 
increased exposure to the radiation dose. 

The decrease in yield occurs (to a diffe- 
rent degree) on exciting luminescence both 
by ionizating and the near ultra-violet radia- 
tion. 

With equal absorption dose the degree of 
damage of plastic scintillators is bigger for 
a-particles than for /-particles. 

With equal absorption dose the degree 
of damage does not depend on dose intensity 
(in investigated regions). 

In addition to the decrease in light yield, 
a decreased transmission of its own lumines- 
cent light occurs which however is insufficient 
to account for the observed decrease in 


luminosity intensity in plastic scintillators. 

The transmission curve and the spectro- 
photometer measurements show that radia- 
tion of plastic scintillators forms substances 
highly absorbing in the ultra-violet especially 
in the luminescent region of pure polystyrene. 

The general form of the curves of damage 
in relation to the dose cannot be expressed 
by a simple relationship. In the initial part 
the decreased luminescent yield in pure 
polystyrene proceeds in accordance with 
the formula 1/(1 + 4D) but in _ plastic 
scintillators—polystyrene with TPB or PT 
and TPB—follows as exp (—kD). 

An «-particle dose of about 10!° ergs/g 
brings about a decrease by ¢ in the lumines- 
cence yield of plastic scintillators which is 
approximately 50 times bigger than the 
corresponding dose required in anthracene 
monocrystals. 
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On the use of plastic scintillators for 
dose measurements* 


OrGANiIc luminescent materials are suitable for a 
number of dosimetric Since _ plastic 
scintillators based on polystyrene) have a high 
radiation resistance, they can be used for measure- 
ments under conditions of a high incident dose-rate. 

The authors studied the important problem of 
a possible saturation effect by investigating the 
conservation of proportionality between the lumine- 
scent intensity of the scintillators and the dose-rate. 
Experiments were carried out both with a- and 
with f-particles. 

One of the investigated polystyrene scintillators 
contained an addition of tetraphenylbutadiene, 
the other an addition of tetraphenylbutadiene plus 
p-terphenyl. The luminescent intensity was measured 
by the mean current of a photomultiplier type 
FEU-19. The dose-rate of the «-radiation (Po?!) 
and f-radiation (Ce!4 and Pr!*) was found by a 
method described earlier.) The graph shows the 
relation between the luminescent intensity and the 
f-radiation dose-rate for both scintillators. It is 


Luminescent intensity 


| 
100 
Dose rate 103 ergs/g sec 


150 


Fic. 1. Relation between luminescent intensity and 
B-dose-rate. Irradiation with Cel4—Pr!44 using 
a filter of about 11 mg/cm?. (1) graph for para- 
terphenyl, (3 wt.%) and 1: 1: 4: 4-tetraphenylbu- 
tadiene-1: 3 (0-02 wt.%) in polystyrene. (2) Graph 
for tetraphenylbutadiene (1-5 wt.%). 
Abscissa: Dose-rate in 10% ergs/g sec. 


easily seen that in the region investigated (up to 
105 ergs/g sec) the two values are directly pro- 
portional. An absence of saturation was also found 
for a-radiation (dose-rate ~10® ergs/g sec). The 
data are given in Table 1. 


* Translated by L. C. Ronson. from Atomnaya Energiya 
2, No. 1, 70 (1957). 


Tasie 1. Relation between luminescent intensity and 
dose rate for excitation with Po?!° g-particles 


| Luminescent | 
intensity L 
(relative 


Dose-rate P | 
| (10%ergs/g sec) | 


Specimen 


Thus, the luminescent yield is proportional to the 
dose-rate at least up to 10% ergs/gsec or 10'r 
equiv/sec. Furthermore, investigations on the 
radiation damage to plastic scintillation counters‘) 
showed that for an accuracy of those measurements 
of about 10 per cent the damage (reduction in yield 
and additional intrinsic absorption) can be neglected 
almost to the total dose of 3 « 108 r equiv. 


I. M. RozMan 
K. G. ZIMMER 
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A circulating pump for quantitative 
estimation of serial radioisotope uptake 
in vitro 
(Received 6 May 1957) 


IN THE course of a study of the uptake and elution of 
radioisotopes in hard tissues in vitro, it was necessary 
to have some means for the recording of uptake at 
successive short intervals. As a means toward this end, 
a small circulating pump has been devised. The 
device permits the continuous circulation of the isotope 
solution from a small immersion chamber containing 
the specimen, through a coil surrounding a Geiger— 
Miiller tube. The total volume of the circuit may 
be as low as 2-5 ml. The pump is simple to construct 
and has no moving parts. It can be regulated to 
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circulate as little as a few drops a minute. All surfaces 
coming in contact with the isotope solution are made 
from glass or polyethylene tubing. 

The apparatus consists of a sample chamber (1) 
(Fig. 1), from which the solution passes through a 
coil of polyethylene tubing around a heavily shielded 
Geiger—Miiller tube (2). The solution returning 
from the coil is swept up the pump tube (3) by 
bubbles of air which enter through a capillary 
nozzle (4). The pump tube conducts the solution 
together with the air bubbles to the top of the sample 
chamber, thus completing the cycle of transport. 
The air entering the system passes through a satu- 
rator bottle so as to minimize evaporation of the 
isotope solution. The Geiger—Miiller tube is con- 
nected to a scaler and recorder. Through this means, 
changes in concentration of the isotope in the solution 
are recorded continuously. 

The circulating pump has proved useful for the 
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Fic. 2. Specimen curves of radioisotope uptake by 
samples of ivory and of thyroid tissue 
respectively. 

Disappearance rate of 1131 from solution, due 

to uptake by: 
@ sample of ivory 
x sample of thyroid: at time indicated by*, 
thyroid was poisoned by addition of NaSCN 


determination of the serial rate of uptake of radio- 
iodine by slabs of ivory (see lower curve, Fig. 2) 

Likewise it was used for measurement of uptake by 
powdered apatite, using as a specimen holder a small 
Buchner funnel with a base of fritted glass. To 
demonstrate the utility of the device for the study of 
soft tissues, the rate of uptake and of release of radio- 
iodine by a rat’s excised thyroid was measured. The 


solution containing radio-iodine first was placed in the 
system, and the counting rate plateau was registered. 
Then the thyroid tissue was introduced into the speci- 
men chamber and the successive counts recorded for 
about 4 hr. At the completion of that period, a 
small amount of sodium thiocyanate was added, and 
the successive counts for the next 30 min reflected the 
liberation of the iodine from the thyroid due to the 
thiocyanate (see upper curve, Fig. 2). 

It seems reasonable to assume that this circulating 
pump would prove applicable to various tracer 
studies. 

Donatp R. Oscoop 
Juiian D. Boyp 
Axvin S. 
Special Dental Research Laboratory 
Veterans Administration Hospital 
Coral Gables, Florida 


An improved procedure for plating 
uniform BaCO, precipitates 


(Received 21 Fune 1957) 


Conversion of C-labeled compounds into BaC¥O, 
has been a standard radioassay method since the 
early days of tracer experimentation. The literature 
abounds in descriptions of refinements of the method 
designed to give more uniform BaCO, deposits and 
hence more reproducible counts. For biological 
work the value of many such refinements, particularly 
those involving elaborate mechanical filtration 
devices, is questionable; other errors are often more 
important than those resulting from slightly imperfect 
BaCO, plating. In practice, most workers evolve 
their own procedure for the plating step cognizant 
of the limits of accuracy obtainable. In routine 
radioassays carried out in our laboratories, reasonably 
satisfactory results have been obtained by simply 
precipitating aliquots of Na,C4O, with a NH,Cl- 
BaCl, mixture, washing the precipitate twice with 
distilled water, transferring the slurry to the planchet 
and evaporating under the heat lamp. Gentle 
swirling before evaporation caused the barium 
carbonate particles to be distributed over the planchet 
so that counts obtained upon successive 90° rotations 
of the dried precipitates differed but slightly. It was 
noted, however, that some precipitate clung to the 
walls of the planchets. The amount and distribution 
of this material seemed to govern the reproducibility ; 
it was almost always possible to predict the direction 
of differences in duplicate counts from observation of 
the distribution of barium carbonate on the walls of 
the planchet. 

In connexion with other work, it had been found 
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Fic. 1. Circulating pump for measuring rate of 
removal of radioisotope from solution due to 
uptake from specimen. 
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that the addition of surface-active agents proved 
useful in counting dried aliquots of very dilute 
solutions. With a view toward producing cleaner 
barium carbonate plates, small amounts of two 
commercial surfactants and two polyelectrolytes were 
added to aliquots of sodium carbonate solution prior 
to precipitation with BaCl,. The additives were: 
(1) sodium alkylarylsulfonate; (2) Igepon T; 
(3) sodium carboxymethylcellulose (CMC); (4) 
methyl vinyl ether-maleic anhydride copolymer 
(PVM/MA). A blank without additive was also 
precipitated for comparison. The resulting plates 
showed distinct differences in the amounts of 
precipitate along the planchet walls and several 
independent observers were able to grade them in a 
definite series. The blank without additive showed 
the largest amount of precipitate along the walls. 
Less BaCO, was deposited there in the presence of 
alkylarylsulfonate and Igepon T. Both CMC and 
PVM/MA, however, produced distinctly cleaner 
planchets with hardly any precipitate along the walls, 
PVM/MaA being marginally superior. 

In order to determine the optimum concentration 
of additive, a series of planchets was prepared with 
0-05, 0-075, 0-1, 0-2 and 0-4ml of 0-1 per cent 
PVM/MA. At the 0-05 and 0-075 ml levels some 
BaCO, precipitate was evident on the planchet walls. 
The higher levels produced good deposits of approxi- 


mately equal appearance. It was concluded that 


1. Counting Statistics 


Without 
PVM/MA 


Average counts/sec 
(8 samples) 
Standard deviation 
Standard error 
Ratio of variances 
F (90 per cent confidence) 


0-1 ml of 0-1 per cent PVM/MaA represented the best 
working concentration. 

The significance of the visual observations with 
respect to yielding more reproducible counts was 
tested with eight replicate precipitations both with 
and without added PVM/MA. The results are 
summarized in Table 1. 

The data of Table 1 show that significantly more 
reproducible counts are obtainable in the presence 
of added PVM/MA. The standard deviation of the 
replicates has been reduced to slightly less than 50 per 
cent of its original value and the ratio of variances is 
well above that required for a significant difference 
at the 90 per cent confidence level. 


Experimental 


One ml each of NH,Cl (10 per cent) and BaCl, 
(10 per cent) was placed in a semimicro centrifuge 
tube. One-tenth of | ml of a 0-1 per cent solution of 
PVM/MA (General Aniline and Film Corporation; 
Specific Viscosity (1g/100 ml 2-Butanone): 0-5-0-8) 
in distilled water was added, followed by 0-1 ml of 
Na,C™O, solution (Tracerlab, Inc.; 1067 dps/ml) 
and 0-4 ml of a Na,CO, solution (2-4 g of Na,CO, 
in 100ml of 10 per cent NaOH solution). The 
mixture was centrifuged for 10 min at room tempera- 
ture, the supernatant liquid withdrawn, the precipi- 
tate washed with 2 ml of distilled water and centri- 
fuged for 1 min. The supernatant liquid was 
withdrawn and the washing operation repeated with 
another 2 ml of distilled water. After withdrawing 
most of the supernatant liquid the precipitate was 
agitated and transferred quantitatively to a | in. 
planchet. The planchet was swirled gently, 
evaporated to dryness under the heat lamp and 
counted. The accepted counts/sec value was the 
average of 4 counts, each involving a 90° rotation of 
the planchet. 

Arno Cann and R. M. Linp 


Research and Development Division 
Lever Brothers Company 
Edgewater, New Jersey 
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Photoscanning: A Preliminary Report of a 
Simplified Graphic Method for the in 
vivo Pre-Operative Localization and Re- 
cording of Brain Tumors. H.C. ALLEn, 
Jr., Texas Medical Center, Houston, 
Texas. 


A new method of detecting y-emitting isotopes - 


that concentrate in space occupying lesions in the 
brain as well as a new method of recording the 
results will be presented. Intracranial tumors which 
concentrate radio-active iodinated serum albumin in 
ratios of 1-5: 1 of that of normal brain tissue have 
been detected. Results of this method will be 
correlated with the clinical finds, EEG, arteriograms 
and pneumography. 


2 


Untersuchungen zum Schizophrenieprob- 
lem mit C 14-markiertem Lyserg- 
saurediaethylamid und C 14-markierter 
Bernsteinséure. O. H. ArRNoLp, G. 
HorMAnn, und H. 
Psych. Neurol. Univ. Klinik, Wien. 


Ausgehend von der klinischen Erfahrung mit 
LSD 25 und mit Bernsteinsaure wurden Versuche 
angestellt, um die Verteilung von LSD 25 im 
tierischen Organismus mittels C 14-markiertem 
LSD 25 zu untersuchen. Die quantitative Verteilung 
in den einzelnen Organen ergab dhnliche Werte 
wie friihere Arbeiten anderer Autoren. In den 
Autoradiographien zeigte sich neben einer diffusen 
Aktivitat in allen Hirnabschnitten eine unterschied- 
liche Verteilung des C 14-LSD 25, in absteigender 
Reihenfolge vor allem die zellularen Strukturen des 
Hypocampus, der Stammganglien, des zentralen 
Hodhlengrau, des cerebralen Cortex und des 
Kleinhirns betreffend. 

Die Aktivitat innerhalb der Ganglienzellen war in 
den meisten Fallen netzférmig iiber die Zellgrenz- 
flache konzentriert, wahrend der Kernbereich frei 
blieb, wahrend in etlichen Zellen auch Kerne eine 
zentrale Aktivitat vielleicht dem Nucleolus ent- 
sprechend aufwiesen. 

Dem klinischen Verhalten der Bernsteinsdure, 
die geeignet ist, passager das LSD 25-Syndrom zu 
unterbrechen, wurde experimentell nachgegangen. 
Mit C 14-markierter Bernsteinsaure konnte an der 
Maus der Ubertritt durch die Bluthirnschranke ins 
Gehirn erwiesen werden und mit Hilfe autoradio- 
graphischer, chromatographischer und radiochroma- 
tographischer Untersuchung von _histologischem 
Praparat und Gewebsextrakten konnte ein Bild von 
der Verteilung der Bernsteinsaure im Organismus 
wie in den einzelnen Zellelementen des Gehirns 


gewonnen werden. Im Zusammenhang mit friiheren 
Arbeiten wird versucht, an Hand eines errechneten 
Quotienten bei Bernsteinsdure-Belastungen die ange- 
nommene Stérung im Glukosestoffwechsel bei LSD 
25-Vergiftungen und Schizophrenen auch im Rah- 
men unserer Untersuchungen zahlenmassig zu veri- 
fizieren. 

Uber die Art der Stoffwechselstérungen bei LSD 
25-Vergiftungen und Schizophrenen werden theore- 
tische Uberlegungen angestellt. 


3 


Hypophysis and Iron Metabolism: Influ- 
ence of ACTH on Rat Erythropoiesis. 
M. Austoni, P. CARENzA, and D. ZiLioTTo, 
Ist Patol. Med., Univ., Padova. 


Previous studies with Fe®® in the rat have shown 
that hypophysectomy produces a marked decrease of 
labelled haemoglobin production and that small 
doses of ACTH are effective in repairing this 
defect. 

It has been claimed by some American authors 
that this action is not due to ACTH, but to the 
so-called ‘“‘erythropoietic factor of Evans’’, which 
can be extracted, together with corticotrophin from 
sheep pituitaries and which should be contained as 
extraction impurity in the usual ACTH preparations. 
To test this claim, the reaction of an extract prepared 
following the procedure briefly outlined by the 
Berkeley investigators, was tested in hypophysec- 
tomized rats in comparison with a common swine 
preparation of ACTH (1 I.U./mg). The sheep 
extract at a parity of corticotropic action failed to 
show a more pronounced haemoglobinopoietic 
action; if anything, it was less than that of the swine 
ACTH. 

Being unable to obtain the original extracts, the 
action of a raw ACTH preparation from swine 
(containing 2 I.U./mg) was compared to that of an 
highly purified extract (about 40 I.U./mg) in 
normal and hypophysectomized rats, in order to 
solve the question about the presence of the erythro- 
poietic factor in the ACTH extraction impurities. 

The raw extract however failed to show a more 
marked action on Hb production. On the contary, 
the purer ACTH proved more active: in the normal 
rats this ‘effect is evident and statistically highly 
significant; in the hypophysectomized rats, where 
both preparations repaired the defect of radio-iron 
utilization in Hb production, the purer ACTH has 
a quicker action. 

It appears then that the erythropoietic action of 
the ACTH extracts is not due to some impurities, 
but to the corticotrophin itself. 
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Use of Isotope Techniques in Clinical 
Studies of Skeletal Metabolism. G. BAvEr, 
MAS, Malmo. 


Results of tracer studies in animals and in man 
using radioactive isotopes of “‘bone-seeking”’ elements 
suggest that from a kinetic standpoint the skeletal 
calcium exists in two principally different fractions. 
One comparatively small fraction is in equilibrium 
with body fluid calcium, while the major fraction is 
not. When radioactive calcium is introduced in the 
blood stream it is picked up by the skeleton as a 
result of (a) rapid equilibrium of the exchangeable 
calcium fraction with calcium of the body fluids, and 
(b) incorporation into the non-exchangeable skeletal 
calcium coincident with accretion (formation) of 
new bone. After the isotope concentration in the 
body fluids has reached (a transient) equilibrium 
with that in the skeletal exchangeable calcium, the 
fall in blood-calcium activity will be determined 
by the rate of excretion of the isotope and by the 
rate of incorporation of the isotope into the non- 
exchangeable bone salt. Provided the isotope 
incorporated into the non-exchangeable skeletal 
calcium does not re-enter the blood stream during 
the experimental period, it is possible to determine 
the magnitude of the exchangeable body calcium pool 
E and the rate at which calcium is removed from the 
blood due to accretion of bone salt A. 

The quantities E and A have been determined 
in a series of patients ranging from normal to various 
pathologic skeletal conditions. It has been found 
that these quantities are higher than normal in e.g. 
hyperparathyroidism, Paget, hyperthyroidism, and 
lower than normal in e.g. hypothyroidism, rickets. 
External counting techniques permit similar studies 
of localized skeletal lesions, e.g. fracture, tumour. 
It seems probable that such techniques will be of 
diagnostic value in e.g. osteoporosis. 


5 


Hamatologische Untersuchungen bei der 
klinischen Anwendung von radioaktivem 
Goldkolloid (Au), J. Brecker and 
M. Th. Czerny-Krankenhaus 
Heidelberg. 


Bei der interstitellen und intracavitaren Therapie 
von Tumoren und carcinomatésen Ergiissen mit 
radioactivem Goldkolloid gelangt ein Prozentsatz 
von Radio-Gold in den Kreislauf und wird von den 
Organen des RES gespeichert. Wie tierexperi- 
mentelle Untersuchungen zeigen, speichert sich bei 
der intravenésen Gold-Applikation der groBte Teil 
in der Leber und Milz, ein kleinerer im Knochen- 
mark und kann hier der Anla8 zu erheblichen 


Stoérungen der Blutbildung sein. Die hamato- 
logische Kontrolle von Patienten, denen intravendés, 
endobronchial, intrapleural oder intraperitoneal 
Radio-Gold appliziert wurde, zeigt Unterschiede 
in der Empfindlichkeit der Blutbildung, die u.a. 
abhangig sind von der Applikationsform, der 
Dosierung und der spezifischen Aktivitat des Kolloids. 
Wahrend bei den interstitiell und intracavitar 
einmalig mit Radio-Gold behandelten Patienten in 
den ersten 4 Wochen keine signifikanten Stérungen 
der Blutbildung nachzuweisen sind, schlieBt die 
intravendse Anwendung die Gefahr einer Kno- 
chenmarkschadigung in sich. Eine besondere 
Uberwachung von der hamatologischen Seite ist 
bei mehrfacher Radio-Gold Behandlung erforderlich, 
da ein vorbelastetes Knochenmark fiir einen erneuten 
Strahleninsult sehr empfindlich ist und es dann 
leichter zu einem Funktionszusammenbruch kommen 
kann. 
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Radioactive Tracer Studies of Red Cell 
Survival in Tumour Bearing Rats. E. H. 
BELCHER, Physics Dept., Royal Cancer 
Hospital, Sutton, Surrey. 


The survival of Cr*!-labelled red cells transfused 
from normal donors to normal recipients, from 
normal donors to tumour bearing recipients, from 
tumour bearing donors to normal recipients and 
from tumour bearing donors to tumour bearing 
recipients has been compared in “August”? rats 
bearing the August mammary adenocarcinoma 
R.2426. Results depend on the time after implan- 
tation of tumour at which the transfusion is made, 
the transfused cells showing either a normal or a 
shortened survival. The data are discussed in terms 
of tumour antibodies evoked by the homograft 
response of the host to the implanted tumour. 
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L’efficacité d’épuration du foie humain vis- 
a-vis de l’or colloidal radioactif Au, 
J. P. Bennamou, F. A. Loverpo, et 
R. Fauvert, Hopital Beaujon, Clichy. 


(Etude préliminaire d’une nouvelle technique de 

mesure de |’efficacité d’épuration) 

Les auteurs rappellent que pour calculer le débit 
hépatique a partir de la clearance de l’or colloidal 
radioactif, il est indispensable de connaitre l’effi- 
cacité d’épuration. Ces différents facteurs sont 
réunis par l’équation: K = D x E, ou K représente 
la clearance, D le débit hépatique et E l’efficacité 
d’épuration. 

La mesure de l’efficacité d’épuration chez l’>homme 
nécessite le cathétérisme de veines sus-hépatiques, 
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méthode dont la réalisation technique est complexe. 
Les auteurs proposent une nouvelle méthode fondée 
sur l’injection intra-splenique d’or colloidal radio- 
actif. 

D’une part, ils étudient par comptage externe 
les variations de la radioactivité hépatique; ils 
mesurent ainsi l’activité retenue par le foie, lors du 
premier passage des particules d’Au!%8 introduites 
dans le systeéme porte grace a Il’injection intra- 
splénique; ils en déduisent |’efficacité d’épuration. 

D’autre part, les auteurs établissent la courbe de 
disparition sanguine apres |’injection intra-splénique 
et la comparent a une deuxiéme courbe établie le 
lendemain aprés injection intra-veineuse de la 
méme dose d’or colloidal radioactif. Les deux 
courbes sont paralleles et leur difference de niveau 
permet le calcul de l’efficacité de |’épuration hépa- 
tique. 

Chez le sujet normal, en l’absence d’anastomose 
portocave, les deux méthodes fournissent une valeur 
identique de l’efficacité d’épuration, comprise entre 
0-50 et 0-60. 

Les auteurs exposent enfin les résultats qu’ils ont 
observés dans différentes circonstances pathologiques. 
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La cinétique de l’épuration sanguine des 


suspensions colloidales comme mesure 

de la circulation hépatique. G. Biozz1, B. 

N. Havpern, et C. Stirret, Hopital Brous- 

sais, Paris. 

La vitesse de l’épuration sanguine d’un colloide 
injecté par voie intraveineuse varie en fonction 
inverse de !a dose injectée. Cette régle, ce pendant, 
connait une limite: au-dessous d’une certaine dose 
du colloide qu’on apelle “‘dose critique’’, la vitesse 
devient maximale et indépendante de la dose et de 
la nature du colloide. Elle est déterminée unique- 
ment par deux facteurs: le débit circulatoire hépa- 
tique et l’efficacité de |’épuration au cours d’une 
traversée hépatique. Ces deux facteurs peuvent 
étre établis trés aidément sur le plan expérimental. 
Ceci permet de calculer avec exactitude le flux 
sanguin hépatique, les quantités de colloides fixées 
par les éléments R.E. extra-hépatiques pouvant 
étre considérées comme négligeables. 

Une étude comparée du débit hépatique a été 
effectuée sur la base de ces principes, a l’aide de 
plusieurs suspensions colloidales: carbone, protéines 
radiomarquées, or colloidal phosphate de chrome. 

D’autre part, les mesures du flux hépatique ont 
été réalisées chez la Souris, le Rat, le Cobaye, le 
Lapin et Homme 4 |’état normal et dans certaines 
conditions pathologiques. Ce sont ces résultats qui 
seront rapportés et discutés dans la présente étude. 
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Possible Mechanism of the Hypothalamic 
Control of Thyrotropic Hormone Secre- 
tion. P. Borrarr and L. Martini, Dept. 
Pharmacol., Univ., Milano. 


The question whether the hypothalamo—hypo- 
physial pathways are nervous or humoral has been 
widely discussed. The existing evidence points to 
a humoral rather than a nervous mechanism and 
the hypophysial portal system has received much 
attention as the possible way, by which a chemical 
transmitter could pass from the median eminence to 
the adenohypophysis. Many anatomical and physio- 
logical observations support the view that the 
antidiuretic (ADH) and the oxytocic hormones 
present in the hypothalamic neurosecretory substance, 
may be the unidentified neurohumoral agents 
which regulate the secretion of adrenocorticotrophic 
hormone. The present investigation is concerned 
with the possible role played by ADH in the hypo- 
thalamic control of the release of thyrotropic hormone 
(TSH). 

It has been shown that ADH (Pitressin, Parke— 
Davis) induces a significant increase in uptake of 
[131 by the thyroid in normal but not in hypophysecto- 
mized rats. Samples of ADH inactivated with sodium 
thioglycollate were always ineffective: this seems to 
imply that the effect observed was really due to the 
ADH molecule. ADH given intravenously to 
normal rabbits produces a significant increase in 
TSH blood levels: TSH was measured according 
to Bottari’s procedure. 

These results seem to indicate that ADH maystimu- 
late the release of TSH from the anterior pituitary. 

It is then likely that the ADH may participate 
with the humoral mechanism invoved in the hypo- 
thalamic control of TSH secretion: this possibility 
might explain why labelled thyroid hormones 
are accumulated more in the neurohypophysis 
than in the anterior lobe. 


10 


Atmung und Garung in Kulturen von 
Fibroblasten und HeLa-Tumor. E. Bropa, 
O. Suscuny, und G. KELLNER, I. Chem. 
Univ. Inst., Wien. 


Ortro WarsurG hat gezeigt, dass Krebszellen 
ihren Energiebedarf vorwiegend nicht durch Atmung, 
sondern durch Garung (Glykolyse) decken. Seither 
sind viele Untersuchungen iiber das Verhaltnis von 
Garung und Atmung an Gewebeschnitten und 
ahnlichen Systemen ausgefiirt worden. Wir haben 
diese Arbeiten auf Gewebekulturen ausgedehnt. 
Diese Systeme bieten den Vorteil, dass sie im Ideal- 
fall nur aus einer Art von Zellen bestehen. 
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Da die Masse von tierischen Gewebekulturen 
stets gering ist, konnen ins Einzelne gehende Ergeb- 
nisse iiber ihren Stoffwechsel nur mit Isotopen 
erhalten werden. Die Rollerkulturen werden mit 
radioaktivem Substrat (meistens am Kohlenstoff 
markierter Glukose) bebriitet. Sodann wird der in 
den verschiedenen Stoffwechselprodukten enthaltene 
Radiokohlenstoff mit Hilfe des Gas-Geiger-Zahl- 
rohres empfindlich bestimmt. 

Es zeigt sich, dass das Verhaltnis von Garung und 
Atmung (g-Wert) bei den Kulturen stark von den 
Versuchsbedingungen abhangt. Insbesondere fiihrt 
Kultivierung unter sub-optimalen Bedingungen zu 
einem Ansteigen dieses Verhaltnisses. Andererseits 
fiihrt auch ein Uberfluss an Nahrstoff zu einer 
Vergrésserung von q. Bei den radiochemischen 
Vergleichsbestimmungen miissen daher reproduzier- 
bare Normalbedingungen eingestellt werden. 

Nach den bisherigen Ergebnissen spielen Garung 
und Atmung in den gesunden (Fibroblasten-) und 
Tumor- (HeLa-) Geweben qualitativ verschiedene 
Rollen. Einerseits kann die Atmung nur im Tumor-, 
nicht aber im gesunden Gewebe durch Cyanid 
unterdriickt werden, ohne dass die Gewebe absterben. 
Andererseits sind die gesunden Gewebe im Gegensatz 
zu den Tumorgeweben befahigt, bei weitgehendem 
Entzug von Nahrstoff die aerobe Géarung fast 
vollstandig aufzugeben, d.h. den Nahrstoff optimal 
auszunutzen. 
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Comparison of the Tissue Distribution of 
Colloidal Y® and Au! in Mice. G. B. 
Cook, B. J. Mires, F. C. Near, and A. R. 
Tuomson, Isotope Div., A.E.R.E., Harwell. 


The distribution of colloidal radio-gold, and of 
yttrium silicate, hitherto unknown, and yttrium 
chloride, which behaves as a colloid in the cavity, 
have been examined. 

The sols were injected intraperitoneally into 
adult female C 57 mice (4-6 animals/sol.) After 
3 days, the animals were sacrificed and the tissues 
assayed for activity. 

Only 1-2 per cent of the injected activity leaked 
from the peritoneal cavity with all the sols used, 
however, the activity distribution within the cavity 
varied considerably. Thus, about 48 per cent of 
the total gold activity injected was found in the 
liver, and 2 per cent in the spleen, whereas only 
about 7 per cent of the total yttrium silicate was 
present in the liver and 2 per cent in the spleen. 
With yttrium chloride, increase in carrier reduced 
yttrium leakage from the cavity; chloride of specific 
activity 11 wc/mg Y, giving a distribution similar to 
yttrium silicate. Severe liver damage was observed 
however at this carrier level. In all of these experi- 


ments little excretion of activity occurred. Whole 
body autoradiographs showed that the activity was 
evenly distributed throughout the cavity, while liver 
autoradiographs demonstrated that surface deposition 
accounted for much of the liver Y®° activity. 

These results show that injection of yttrium sols 
gives greater localization of activity within the 
peritoneal cavity than with gold sol, and that 
localization of colloids after intraperitoneal injection 
is not related in a simple manner to either particle 
size or to stability in vitro. 
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Diagnostic Value of Selective Quantitative 
Radiocardiography. L. Donato, G. BARTo- 
LOMEI, and R. Brancut, Clin. Med., Univ., 
Pisa. 


Four hundred and sixteen heart patients of 
various kinds have been submitted to the radio- 
cardiography tests in the past year and a half. 

The obtained results are summarized, and the 
method is discussed from the technical side and 
from the point of view of its clinical value. 

Injection of the tracer in the external jugular vein, 
is strictly required for satisfactory tracings to be 
obtained. 

Difficulties of extrapolation may occur due to the 
shortness of the appearing exponential portion, or 
to the high incidence of statistical variations. The 
use of large size paper for recording of curves, and 
accurate choice of time constants have a definite 
importance for correct examination of tracings. 
The most convenient time constant has been found 
to be 0-3 sec, when using from 25 to 30 we radio- 
iodine activity and a large opening collimator. 

Positioning of the counter appears not to be 
critical for evaluation of flow and slopes of the tracing, 
within reasonable limits. Technical improvements 
are suggested on the basis of the past experience. 

Quantitative radiocardiography has been found 
to be an efficient tool for diagnosis of left-sided 
heart diseases, and noticeably for evaluation of 
degree of cardiac involvement in aortic diseases, 
pulmonic valve stenosis, cor pulmonale, which may 
persist several years before occurrence of failure. 

Quantitative radiocardiography appears to be of 
great value for diagnosis of congenital heart defects 
too, allowing also the measurement of direction of 
the shunted blood. 

Selective quantitative radiocardiography may 
possibly be furtherly improved by using new kind 
of tracers, or better recording tools. 

It already represents the only method for direct 
study of central haemodynamics in heart 
patients. 
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Radiocardiographic tests may be repeated as 
often as required without fearing radiation over- 
dosage due to the small amount of activity used for 
each test, thyroid pick-up of radioiodine being 
further reduced by Lugol administration. 
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Rapid Protein Breakdown in Idiopathic 
Hypoproteinaemia. J. F. Fow ter and 
J. M. Mires, King’s College Hospital, 


London. 


Investigations are described on two children with 
idiopathic hypoproteinaemia using I!3!-HSA and a 
whole-body counter. Irreversable leakage of HSA 
from the plasma was suspected and then disproved 
in one case, and loss of HSA in the faeces during 
steatorrhoea and diarrhoea was suspected and 
disproved in the other. The common feature was a 
high protein breakdown rate, 50 per cent and 75 
per cent per day of the plasma HSA respectively. 
The presence of a large volume of ascites in the first 
case gave rise to difficulties of interpretation which 
are discussed. 
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Analysis of the Behaviour of I131-Albumin 
in Nephrotic Patients. T. FREEMAN and C. 
MatruHews, Nat. Inst. Med. Res., Mill Hill, 
London. 


Methods which have been used for calculating 
results from I}%!-labelled protein experiments will 
be described. The plasma protein half-life, as is 
commonly quoted, has no simple significance either 
in the normal or in the patient with proteinuria. 
Measurements of catabolism can be related to the 
total activity in the body, to the intravascular 
activity, or to the extravascular activity; assumptions 
have to be made on this point before a value for the 
catabolic rate can be obtained by mathematical 
analysis of the data. We have found that a constant 
value for catabolic rate is only obtained when 
urinary diffusable I}*!-activity is related to the 
intravascular pool. This catabolic rate can be 
expressed either as a fraction of the intravascular 
pool, or in g/day, the latter being valid for subjects 
not in protein equilibrium. 

A method will be described based on a mathe- 
matical analysis of the curve of the intravascular 
activity; this gives values for the extravascular 
pool sizes and exchange rates, as well as the catabolic 
rate. 

These methods of analysis will be applied to the 
nephrotic subject. 
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Uber eine indirekte Methode zur Bestim- 
mung der Konzentration des anorgani- 
schen Jods im Serum sowie der absoluten 
Jodid-Aufnahme in der Schilddriise. 
K. GERBAULET und W. Maurer, Inst. Med. 
Isotopenforsch., Kéln. 


In eigen Untersuchungen (GERBAULET, FITTING 
und RosENKAIMER: Klin. Wschr. 35, 576-583 (1957).) 
konnte gezeigt werden, dass die Speicheldriisen 
lediglich anorganisches Jod des Serums ausscheiden 
kénnen. Das organisch-gebundene Jod des Serums 
liefert keinen Beitrag zum Jod im Speichel. Daraus 
folgt, dass nach Gabe von anorganischem 31"! die 
Messung der spezifischen Aktivitat des anorganischen 
Jods im Serum durch die Messung der spezifischen 
Aktivitat des Jods im Speichel ersetzt werden kann. 

Diese indirekte Bestimmung spezifischen 
Aktivitat des anorganischen Jods im Serum erlaubt 
zusammen mit anderen Messungen: 

(1) eine relativ genaue Bestimmung der Konzen- 
tration des anorganischen Jods im Serum zu jedem 
Zeitpunkt nach Gabe von anorganischem 31%! nach 
folgender Gleichung: 


Konzentration d.anorg. Serum-Jods (g/ml) 
__ anorganisches Serum (Ipm/ml) 
spez. Akt. d.anorg. Speichel-Jods(Ipm/ug) 


(2) eine relativ genaue Bestimmung der absoluten 
Jodid-Aufnahme in der Schilddriise nach Gabe von 
anorganischem J—131 in mehrmaligen kurzen Zeit- 
intervallen nach folgender Gleichung: 


Jodid-Aufnahme in d. Thyreoidea (ug/min) 
d. Thyreoidea z. Zt. t (Ipm) 


t 
[sca 
0 


(s = spezif. Akt. des anorg. Serum-Jods) 
Es werden die nach diesen Methoden erhaltenen 
Ergebnisse mitgeteilt und diskutiert. 
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Experiences with Hypophysectomy. 
P. V. Harper, R. D. MoseEtey, and W. M. 
IronsIDE, Dept. Surgery, Univ., Chicago, IIl. 


During the past 4 years at the University of 
Chicago a total of eighty hypophysectomies have 
been performed for metastatic malignant disease, 
mostly carcinoma of the breast. Ten of these were 
by the direct surgical technique. Autopsy specimens 
from these patients revealed significant amounts of 
pituitary tissue left behind. Hoping to achieve a 
more complete destruction Y® pellets were implanted 
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in the hypophysis in 46 patients, using a transcranial 
approach similar to that of surgical hypophysectomy. 
These pellets were ceramic yttrium oxide weighing 
2-4 mg and having an activity of 0-3 to 1-0 mc per 
pellet. Each pellet produces a spherical zone of 
necrosis in the surrounding tissue 6-8 mm in dia- 
meter. From 4 to 12 pellets were used in attempts 
to destroy the hypophysis without achieving complete 
destruction in any case. However, patients uni- 
formly became hypo-pituitary requiring cortisone 
and thyroid. In 26 patients during the past 4 
months similar pellets were implanted using the 
trans-sphenoidal approach under fluoroscopic con- 
trol with the image amplifier. Eight to ten pellets 
were placed in each patient, with conspicuously 
better distribution, and achieving practically com- 
plete destruction of the hypophysis in the material 
available for examination. The procedure, carried 
out under local anaesthesia, has resulted in very 
little morbidity and no mortality and no higher 
incidence of complications (cerebrospinal rhinorrhea, 
extraocular palsy) than in the transcranial procedure. 


The results in the whole series have been disap- ° 


pointing as far as response of the tumor growth is 
concerned. A few patients have had _ spectacular 
improvements, most have had none. 
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The Effect of Whole Body Irradiation on 
Bone Marrow as Studied by Radioactive 
Iron Incorporation. E. B. Harriss, Physics 
Dept., Royal Cancer Hospital, Sutton, Surrey. 


The rate of appearance of previously injected 
Fe®® in peripheral blood has been shown to be 
markedly affected by small doses of whole body 
irradiation. In order to elucidate the mechanism 
of the depression of Fe®® incorporation into the bone 
marrow, autoradiographic techniques have been 
used to study at the cellular level the uptake of iron 
in the bone marrow of irradiated rats. The validity 
of using the depression of blood uptake of Fe®® as 
a measure of bone marrow damage by irradiation 
will be discussed. 
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Radiopapierchromatographische Untersu- 
chungen iiber die Spezifitat der Bindung 
von (Co®°)-Vitamin B,,-Analogen an Int- 
rinsic factor-Konzentrate. H. C. HEINRICH, 
G. Rape, und R. Sxrpse, Physiol. Chem. 

Univ. Inst., Hamburg. 
Geringfiigige Abwandlungen bzw. Substitutionen 
der Vitamin B,,-Struktur ergeben B,,-Faktoren bzw. 
B,.-Analoge, die entweder schlechter oder ahnlich 
wie das B,, im Intestinaltrakt resorbiert werden, 


wie Untersuchungen am Menschen und Schwein 
mit Hilfe radioaktiv markierter B,,-Analoge bzw. 
einer Isotopenverdiinnungstechnik ergeben haben. 
Da sowohl die wie das B,, gut resorbierbaren B,,- 
Analoge als auch die nur geringfiigig resorbierbaren 
B,,-Analoge Intrinsic factor (=IF) fiir die Resorption 
benétigen, wurde mittels einer friiher zur Testung 
der B,,-Bindung von IF entwickelten empfindlichen 
radiopapier-chromatographischen Technik die Bind- 
ung verschiedener mit Co® auf biosynthetischem bzw. 
chemischen Wege markierter B,,-Analoge (5,6- 
Dichlorbenzimidazol-cyanocobamid, Benzimidazol- 
cyanocobamid, 5-Hydroxybenzimidazol-cyanocoba- 
mid, 5-Methoxybenzimidazol-cyanocobamid und 
3,5,6-Trimethylbenzimidazol-cyanocobamid) an ein 
gereinigtes IF-Konzentrat qualitativ und quantitativ 
untersucht. Dabei ergab sich, dass sowohl die gut 
als auch die nur mangelhaft resorbierbaren B,.- 
analoge in gleicher Weise an IF gebunden werden, 
Damit ergibt sich, dass nicht nur die B,.-Bindungs- 
kapazitat eines IF-Konzentrates quantitativ und 
selbst qualitativ keinerlei Schliisse auf die eigentliche 
biologische IF-Aktivitat zulasst, sondern dass 
dariiberhinaus auch von Seiten der Struktur des 
Vitamin B,, eine Strukturspezifitat der Bindung an 
Intrinsic factor nicht besteht. 

Die biochemische und medizinische Bedeutung 
dieser Befunde wird an Beispielen von bei der 
Bindung an IF konkurrierender B,.-Analoge dis- 
kutiert. 
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Zur quantitativen Bestimmung der Jodei- 
weissbindungen im Gewebe auf radio- 
histochemischer Basis. H. HELLAvER, 
Paracelsus-Inst., Bad Hall. 


Der Fraktionierung des Gewebejods_ dienen 
ublicherweise die chemische Auftrennung des Mate- 
rials mit Fallung und Extraktion und nach Hydrolyse 
die Papierchromatographie. Ideale Bedingungen 
fiir Fallung und Extraktion bieten histologische 
Gefrierschnitte von wenigen Mikron Dicke. Eine 
vorangehende Radiojodmarkierung in vivo ermég- 
licht durch einfache Impulsmessung der Schnitte, 
die Elution des Jods zu bestimmen. Durch Anwen- 
dung verschiedener Eiweissfallungs-, Denaturierungs- 
und Lésungsmittel und durch fallweises Uberziehen 
der Schnitte mit einer semipermeablen Membran 
lasst sich der jeweilige Prozentsatz an frei wasserlés- 
lichem Jod (Jodid), an locker und an fest eiweiss- 
gebundenem sowie an_ lipoidgebundenem  Jod 
ermitteln. Die Analyse von Blut- und Serumaus- 
strichen gelingt in gleicher Weiss. Die Durchfiihrung 
dauert wenige Minuten. Die Eluate mehrerer 
Schnitte geniigen fiir eine zusatzliche elektrophore- 
tische Analyse. 
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Radiogold- und Bromsulphalein-Clearance 
des Piasmas als klinischer Test der 
Leberfunktion. R. H6rer und H. VETTER, 
Il. Med. Univ. Klinik, Wien. 


Friihere Publikationen aus dieser Klinik haben 
zeigen kénnen, dass die Clearance des Plasmas von 
kolloidalem Au!%8 ein Mass fiir den Plasmafluss 
durch die Leber darstellt. Ferner konnte nachge- 
wiesen werden, dass die gleichzeitige Bestimmung der 
Clearance von Au!®8 und BSP die Berechnung eines 
BSP-Extraktionsfaktors nach der  Gleichung 
EF = Kpgp/K ay ermoglicht, der angibt, wieviel von 
dem der Leber angebotenen Plasma von BSP 
geklart wird. Dies ist deshalb wichtig, weil es eine 
Reihe von Erniedrigungen der BSP-Clearance (bzw. 
Erhéhungen der BSP-Retention) gibt, die aus- 
schlieBlich auf eine Verminderung des Blutflusses 
durch die Leber zuriickgehen, wahrend das Extrak- 
tionsvermégen der Leberzelle fiir BSP normal 
bleibt. 

Besonders bei Leberzirrhosen zeigte der EF ein 
charakteristisches Verhalten: trotz oft  starker 
Verminderung des Plasmaflusses blieb er so lange 
im Bereich der Norm ( >40°%), als nicht die Entwick- 
lung eines Ascites die Dekompensation der Leber- 
funktion anzeigte. Unter einer Leberextrakttherapie 
wird die progrediente Verringerung des Blutflusses 
durch die Leber nicht beeinflusst, jedoch kommt es 
in der Mehrzahl der Falle zu einer Verbesserung 
des EF. 

Kardiale Dekompensationen zeigten fast immer 
eine starke Erhédhung des EF, die nach Rekom- 
pensation in der Regel zuriickging. Die Inter- 
pretation dieser Beobachtung wird aber durch die 
Tatsache erschwert, dass hier der Einfluss der 
verzégerten Durchmischung der injizierten Substan- 
zen im Kreislauf stark wirksam wird. Diesbeziigliche 
Untersuchungen zeigten, dass verschiedene Werte 
fiir die Au!®8-Clearance erhalten werden, je nach dem 
ob diese an der unteren oder oberen Extremitat oder 
am Kopf bestimmt wird. Dieser Effekt wird durch 
Lagewechsel von der liegenden in die stehende 
Position noch verstarkt. 
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Haemodynamics: Interpreted by Means of 
Multiple Scintillation Detectors Placed 
over the Anterior Thoracic Wall. R. L. 
Hurr, D. Parrish, W. Crockett and S. 
Havukeness, Vet. Admin. Hosp., Seattle, 
Wash. 

Previous work has shown the value of external 
detection of activity time functions as manifest over 
the anterior thoracic wall, in the region of the heart, 
following intravenous injection of radioisotopes. The 


experience of the simultaneous use of four crystal 
detectors over the anterior thoracic wall will be 
related. The outputs of four well collimated and 
well shielded sodium iodide crystals were modified 
and recorded on a four channel, single tape, magnetic 
recorder. Graphic records were then obtained, one 
at a time, from the tape record at tape speeds 
varying from the recording speed to one-fourth the 
recording speed. 

Findings of particular interest are those related 
to: (1) A comparison of the cardiac output estimated 
from each of the four curves in health and disease; 
(2) mean transit times between different locations in 
the great vessels, lungs or heart; (3) central blood 
volume, pulmonary blood volume and heart blood 
volume estimated from the product of the difference 
of two mean transit times and the cardiac output; (4) 
graphic analysis of multiple curves; that is, those 
formed by more than one volume of labelled blood 
in order to obtain data suitable for analysis by an 
electronic analogue computer; (5) interpretation of 
data obtained by tape playback speeds one-fourth the 
record speed, which discloses the ‘‘appearance’’ of 
individual cardiac events. 
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Eisenstoffwechselstudien bei Leberzell- 
schadigung. W. Kemeriinc, H. A. E. 
Scumipt, W. Kasotru, und G. SCHREIBER, 
Med. Univ. Klinik, Freiburg 1. Br. 

Durch akute Leberzellschadigung wird das 
dynamische Gleichgewicht in der Plasmaeisen- 
konzentration zugunsten eines vermehrten Eisenein- 
stroms ins Plasma verschoben. Der Plasmaeisen- 
spiegel steigt bei akuter Hepatitis bis uber das 
Doppelte der Norm an und bleibt nach klinischer 
Abheilung noch fiir lange Zeit erhéht. Eine bemer- 
kenswerte Abweichung von diesem Verhalten findet 
sich bei Komplikation der Hepatitis durch Begleit- 
Cholangitis oder einen extrahepatischen Entziin- 
dungsprozess. Das Eisen wird hiebei beschleunigt 
aus der Blutbahn entfernt, sodass die Hypersideramie 
in eine Normo- oder Hyposideramie tibergeht. Der 
Eisenstoffwechsel wird durch die Leberparenchym- 
schadigung und die Aktivierung des Abwehrzell- 
systems offenbar in verschiedener Richtung beein- 
flusst. Von diesen Beobachtungsn am Krankenbett 
ausgehend wurden tierexperimentelle und _ klinische 
Untersuchungen unter Anwendung der Isotopentech- 
nik durchgefiihrt, um tiefere Einblicke in den 
Mechanismus_ dieser Eisenstoffwechselst6rung zu 
erlangen. Als Irritantien der epithelialen und der 
mesenchymalen Strukturen wurden im Tierexperi- 
verschiedene hepato-toxische Substanzen 
und Radiokolloide gewahlt. Dabei wurden neben 
den Veranderungen des Eisenstoffwechsels auch die 
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der Blutvolumina und des Erythrocytenumsatzes 
vermittels Radioeisen und Radiochrom studiert. 
Messtechnisch ergab sich aus diesen Anwendungen 
das Problem der Differenzierung mehrerer Radio- 
isotope in ein- und derselben Messprobe, das durch 
Analyse der verschiedenen  Strahlenintensitaten 
gelést wurde. Durch die Untersuchungen konnten— 
je nach Schadigungstyp—charakteristische Unter- 
schiede in der Beeinflussung des Eisenstoffwechsels 
aufgezeigt werden. 
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Possibilité et intérét de la détection externe 
par “Bremsstrahlung” du _ radiophos- 
phore P®? dans l’organisme. C. KELLER- 
SHOHN, Fac. Med., Univ., Nancy. 

Le Phosphore P*? est un des radioéléments 
artificiels les plus intéressant a considérer au point de 
vue biologique et médical, notamment par suite de 
sa spécificité de fixation relativement grande sur les 
cellules 4 pouvoir de reproduction élevée. Mal- 
heureusement, étant un émetteur de Bétas purs, il 
ne peut, sauf dans de rares cas de localisation trés 
superficielle, étre détecté de l’extérieur de l’organisme 
par son rayonnement béta peu pénétrant. Néan- 


moins, l’étude par spectrométrie de scintillation de 
la répartition spectrale de l’energie de la radiation 
électromagnétique de freinage des bétas du P*? dans 


un matériau de nombre atomique voisin de celui des 
tissus, montre qu’en se placant dans des conditions 
convenables le rapport signal bruit dé fond peut 
étre rendu suffisamment élevé, pour rendre possible 
la détection externe de concentrations en profondeur 
de P* dans l’organisme, aprés injection de doses de 
quelques centaines de microcuries a un millicurie. 
Des études sur fant6me confirment cette possibilité. 

La fixation de P*® sur le foie et la rate a été 
étudiée, par cette méthode, chez des malades 
atteints de polyglobulie et des essais de détection de 
tumeurs ont été effectués chez d’autres patients. 
Enfin des suggestions sont faites sur la possibilite 
d’améliorer la méthode en utilisant la spectrométrie 
de scintillation en coincidence. 
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Vorteile radioaktiv markierter Substanzen 
bei Clearance- und Verteilungsversuchen. 
K. H. Kimpet, Schering AG, Berlin. 


Bei der bislang iublichen Bestimmung der Clearance 
oder des Verteilungsvolumens war es nur durch 
zahlreiche Blutentnahmen und Analysen méglich, 
den Eintritt des Verteilungsgleichgewichtes hin- 
reichend genau festzustellen. Durch fortlaufende 
Messung und Registrierung der Radioaktivitat bei 
Verwendung einer markierten Substanz in einem 
Gefassnebenschluss oder einer anderen Korperstelle 


konstanter Geometrie kann man nicht nur den 
Zeitpunkt des  Gleichgewichtseintrittes genau 
festlegen, sondern auch den Blutspiegel durch 
gesteuerte Zufuhr iiber lange Zeit auf der gewiinschten 
Héhe konstant halten. Da unter solchen Bedin- 
gungen die zugefiihrte Substanzmenge gleich der 
aus dem Blut eliminierten Menge ist, kann bei 
bekanntem Ausscheidungsweg die Clearance aus 
ersterer berechnet werden. Die vielseitigen Anwen- 
dungsméglichkeiten der durch Strahlungsmessung 
gesteuerten Dauerinfusion wird an Beispielen gezeigt. 
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Die Beeinflussbarkeit der strahlenin- 
duzierten Hemmung der DNS-Synthese 
durch Cystein bei normalem und re- 
duziertem Stoffwechsel. H. A. KinxeEt, 
Univ. Frauenklinik, Hamburg. 


Die Hemmung des Einbaues von P*®? in die 
Desoxyribonukleinsaure, jener fiir Leben und Ver- 
mehrung der Zellen so wichtigen Verbindung, 
durch ionisierende Strahlen stellt eine besonders 
empfindlichen Test fiir die Strahlenschadigung und 
deren Ausmass dar. Diese Hemmung ist vor allem 
deshalb fiir die strahlenbiologische Forschung von 
besonderem Interesse, weil sie diejenige biochemische 
Reaktion darstellt, welche bislang zum friihesten 
Zeitpunkt erfolgter Strahleneinwirkung 
nachgewiesen werden konnte. Es schien daher von 
Wichtigkeit zu priifen, ob auch eine so frihzeitige 
Reaktion wie die Hemmung des P®?-Einbaues in die 
DNS durch eine SH-haltige Aminosaure wie z.B. 
Cystein beeinflusst werden kann. Die Untersuchun- 
gen wurden am Darm ganzbestrahlter Ratten 
durchgefiihrt und ergaben einen eindeutigen 
Schutzeffekt dieses Sulfhydrylkérpers auch beziiglich 
der DNS-Synthese. 

Der genannte Test wurde ferner herangezogen, 
um auch zur Klarung jenes interessanten Fragen- 
komplexes beizutragen, welcher mit der Latenz des 
Strahlenschadens bei weitgehend reduziertem Stoff- 
wechsel zusammenhagt. So konnte von uns in 
friiheren Untersuchungen an_hibernisierten Sie- 
benschlafern gezeigt werden, dass nach einer im 
Winterschlaf erfolgten Totalbestrahlung mit letalen 
Dosen der Strahlenschaden latent bleibt, wenn die 
Tiere wahrend dieser Zeit im hibernisierten Zustand 
verbleiben. Erst nach Riickkehr in den homéother- 
men Zustand setzt das typische Strahlensyndrom mit 
den bekannten Reaktionen des strahlengeschadigten 
Organismus ein, und die Tiere sterben, als ob die 
Bestrahlung erst zum Zeitpunkt des Erwachens 
stattgefunden hatte. Untersuchungen an den Zell- 
kernen des Darmepithels hibernisierter Siebenschlafer 
haben nun gezeigt, dass zwar erwartungsgemass die 
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Einbaurate des Radiophosphors auch beim unbe- 
strahlten Tier im Winterschlaf in ganzen herabgesetzt 
ist, dass jedoch auch die Strahlenschadigung bei den 
hibernisierten Tieren an einer 50% igen Hemmung 
des Einbaues von P*? in die DNS bereits erkennbar 
ist, obwohl die Tiere scheinbar unbeeinflusst von der 
Strahleneinwirkung weiterschlafen. 
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Dosimetry Aspects of Radiation-Induced 
Bone Tumours. L. F. LAamerton, Physics 
Dept., Royal Cancer Hospital, Sutton, Surrey. 


Clinical and experimental work on the induction 
of bone tumours by radiation will be discussed, with 
reference to the levels of radiation dosage involved. 
The comparative hazard of «- and f-emitters will be 
discussed, with particular reference to radium and 
radioactive strontium. 
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Proton Hypophysectomy for Advanced 
Breast Cancer. J. H. Lawrence, C. A. 
Tosias, and J. L. Born, Donner Lab., 
Berkeley, Calif. 


Hypophysectomy has been reported to have 
affected remissions in advanced cancers of the 
hormone-dependent types. The pituitary has been 
removed surgically, and attempts have also been 
made to destroy pituitary tissue by implanting 
radioactive substances within the sella turcica. 
Roentgen irradiation has been unsuccessful because 
of the impossibility of delivering sufficiently high 
doses of radiation to the pituitary without damaging 
the brain or other overlying tissues. 

The 340-MeV proton beam from the 184 in. 
cyclotron at the University of California has recently 
been used for hypophysectomy in advanced metastatic 
mammary carcinoma in humans. High energy 
proton, deuteron, and «-particle beams have great 
advantages over other radiations in producing 
localized irradiation deep in tissue. When focused, 
the particles travel in a straight line in tissue and 
remain sharply delineated with very little scatter, 
as compared with electrons. In small animals, 
sharply delineated cylindrical lesions of 1 mm 
diameter are easily produced. The maximum energy 
is delivered at a distance from the source, and this 
effect can be used to achieve a high depth-dose to 
skin-dose ratio. 

The effects of amount and rate of dose on physio- 
logical end tissue changes after pituitary irradiation 
have been extensively studied in the rat, dog, and 
monkey. ‘Target organ effects were observed to 
follow a definite pattern. Thyroid function decreases 


first. Effects on growth and adrenal function follow. 
Regression of the sex glands is usually last. Histologi- 
cally, the acidophiles regress first, then the basophiles, 
with the chromophobes last. 

Patients are selected for treatment on the basis of 
evidence of progressive metastatic cancer of the 
breast, which is no longer responding to conventional 
surgical and radiological treatment. The previous 
response of the patient to any palliative procedure 
such an oophorectomy, adrenalectomy, or endocrine 
therapy is evaluated. 

A multiple-plane, rotational technique is used for 
irradiating the patients. The proton beam is directed 
to pass through the pituitary, and alignment is 
checked by means of horizontal and vertical roent- 
genograms before treatment is begun. During 
irradiation, the head of the patient is immobilized 
by means of a rigid plastic mask. The patients 
treated thus far have received fractionated doses 
totaling 14,000-30,000 rads over a period of weeks. 

The patients are hospitalized during the treatment 
period and afterwards return at 3-4 month intervals 
for follow-up studies. The most valuable criteria for 
assessing changes in pituitary function following 
irradiation are decreases in the I!*! uptake by the 
thyroid gland and the 24hr urinary pituitary 
gonadotropin excretion. 

The post-mortem examinations available thus far 
show gross and microscopic evidence of extensive 
pituitary destruction in patients who have been 
treated at the higher dose levels (26,000—30,000 
rads). 

The results indicate that proton hypophysectomy 
can be achieved when the higher doses are given. 
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Die Lebensdauer von autologen und homo- 
logen Erythrocyten bei Friihgeborenen, 
reifen Neugeborenen und 4lteren Kindern. 
P. MrescHer, H. BerGer, und A. GILARDI, 
Med. Univ. Poliklinik, Basel. 


Auf Grund von Bestimmungen der Uberlebenszeit 
markierter autologer Erythrocyten konnte 
festgestellt werden, dass die Erythrocytenlebensdauer 
bei zeifen Neugeborenen gegeniiber derjenigen von 
Erwachsenen leicht verkiirzt ist, und dass die 
Verkiirzung mit zunehmender Unreife von Frithge- 
borenen ausgepragter erscheint. Vom dri en Lebens- 
monat an werden praktisch normale Werte gefunden. 
Erwachsenen-Erythrocyten scheinen im Kreislauf 
von Neugeborenen normal lang zu _ zirkulieren, 
wahrenddem die Lebensdauer Cr*!-markierter 
Erythrocyten von Neugeborenen bei alteren Kindern 
verkiirzt ist. Aus diesen Feststellungen darf gefolgert 
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werden, dass die verkiirzte Lebensdauer 
markierter Neugeborenen-Erythrocyten korpuskular 
bedingt ist. Die Ergebnisse werden in theoretischer 
und praktisch-therapeutischer Sicht (Neugeborenen- 
ikterus) besprochen. 
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Ein Beitrag zur Dosimetrie und Appli- 
kationstechnik von Radio-Tantal (Ta!*?) 
zur Langzeitbestrahlung von Hirnge- 
schwiilsten. F. Munpincer, Neurochir. 
Univ. Klinik, Freiburg 1. Br. 

Zur lokalisierten Bestrahlung von Hirngeschwiilsten 
werden abhangig von der Art, Ausdehnung 
und Lage von uns verschiedene Radio-Isotope 
(B- oder y-Strahler) interstitiell implantiert oder 
infiltriert (Au!%8, P82, Y9°, Aus Griinden 
des Strahlenschutzes und der Contamination des 
Operateurs fiihrten wir die Einlagen postoperativ, 
haufig auf stereotaktischem Wege durch. 

Bei Tumoren der dominaten motorischen- und 
Sprachregion sowie der hinteren Schadelgrube, 
auch im Hinblick auf eine mehr homogene Dosisver- 
teilung war eine intraoperative Spickung wiinschens- 
wert. 

Das iberwiegend y-strahlende Radio-Tantal 
(Ta82) (E= 1,13 MeV; = 6,1 r/h; HWZ= 111d) 
hat eine erprobt gute Gewebevertraglichkeit und 
ist auf Grund seiner HWZ fiir eine Langzeitbestrah- 
lung geeignet, wobei der Strahler interstitiell 
verbleibt. 

Zur homogenen Dosisverteilung werden wahrend 
der Operation unter Sicht des Auges in 1 cm 
Abstand mit einem speziellen Applikator kleine 
Drahtstiicke in dem verbliebenen Tumorrest im- 
plantiert. Die Lange von 3-5mm, bei einem 
Durchmesser von 0,5 oder 1 mm, wird je nach der 
spezifischen Aktivitat vorher zurechtgeschnitten. 

Nach unseren dosimetrischen Uberlegungen und 
unter Einbezug der Geometrie der einzelnen Draht- 
stiicke liegt die Initialdosis in einem bestimmten 
Abstand zwischen 8 und 9 r/h, soda} entsprechend 
dem hohen Zeitfaktor eine wirksame Cumulations- 
dosis von 35.000 r erreicht wird. Die Gesamtaktivitat 
betragt hierbei abhangig von dem Tumorvolumen 
nur 1,5 bis maximal 4,5 mc. 

Der Vorteil dieser Bestrahlungsmethode ist u.E.: 
(1) Es kénnen bei allen Lokalisationen alle Hirn- 
tumorarten, auch die wenig strahlensensiblen, gutarti- 
gen (soweit sie operationstechnisch nicht in toto 
resezierbar sind) durch die interstitielle Spickung mit 
Tantal (Ta!®?) mit Erfolg angegangen werden. 

(2) Die Spickung erfolgt intraoperativ unter Sicht 

des Auges. 


(3) Durch die niedrige Initialdosis ist die Strahlen- 
belastung fiir den Operateur auch ohne Strahlen- 
schutzmassnahmen nur unbedeutend (maximal 2 
mr/Sitzung in 30 cm Abstand). 

(4) Die stationare Behandlungsdauer wird erheblich 
herabgesetzt, dadurch, dass die konventionellen 
Réntgen-Tiefenbestrahlungsserien wegfallen. 

Bei den bisher 21 Fallen, die mit dieser Methode 
behandelt wurden, sind die Ergebnisse, soweit bei 
der kurzen Behandlungsdauer beurteilbar, sehr 
ermutigend. 
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Studies of Liver Blood Flow in Man. 
G. L. Narpr and H. M. PAtazzi, Mass. 
Gen. Hospital, Boston, Mass. 


Over 300 determinations of estimated hepatic blood 
flow have been done in 100 hospitalized patients 
utilizing colloidal chromic phosphate tagged with 
P82 (Dosson and Jones). 

The method has been found simple, innocuous and 
reproducible. The observed values correlate closely 
with those found by investigators using other techni- 
ques (BRADLEY, VETTER, RIDDELL). 

Combining the colloid with radio-opaque dye at 
the time of splenoportography in portal hypertension 
has permitted a correlation of the observed collateral 
blood flow and extraction efficiency of the colloid. 
Patients with large varices have shown curves 
identical with peripheral injection. In the absence of 
collaterals extraction is complete and little peripheral 
radioactivity is found. 

In hepatic resection the measured reduction of 
blood flow is proportional to the mechanical occlusion 
of inflow. 

Postural changes from the recumbent to the 
upright result in a slight reduction of flow. 

A study of various anesthetic agents has demon- 
strated a significant difference in the effects of 
premedication, ether, cyclopropane, and pentobar- 
bital on liver flow. Hypothermia results in a marked 
reduction of flow. 

Patients undergoing portocaval shunts have been 
evaluated before and after surgery. There is generally 
a definite reduction in hepatic flow. Patients with 
the greatest reduction of flow have developed 
hepatic coma. 

Flow measurement before and after tamponade or 
ligation of esophageal varices have permitted an 
estimate of blood flow through varices. This has been 
found to be 300-400 cc/min. 

Observations have also been carried out on the 
effects of various surgical operations, burns and in 
cirrhotics. 
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The “Equilibrium Time” Technique as a 
Practical Method for Plasma Albumin 
Turnover Studies in Patients. J.D. PEAR- 
son, N. VEALL, and H. VeTTER, Physics Dept., 
Guy’s Hospital, London, and 2. Med. Univ. 
Klinik, Wien. 

By using the “equilibrium time’? method for 
determining the size of the total pool of human 
serum albumin, together with the plasma clearance 
method for measuring the rate of its metabolic 
degradation, it is possible to obtain data relating to 
plasma protein metabolism in only a few days 
instead of the several weeks required hitherto. This 
makes clinical measurements very much easier since 
the difficulties of long term quantitative urine 
collection are reduced, the calculation of the turnover 
rate is less open to subjective errors, and it is more 
likely that the patient is in a “‘steady state’? during 
the period of observation. The method used for 
graphic representation of the data makes it more 
readily apparent if intravascular-extravascular shifts 
of protein occur suddenly. Finally, it is possible to 
considerably reduce the radiation dose, and fewer 
blood samples are required. 

Results obtained with [%!-labelled albumin in 
various clinical conditions are in good agreement with 


those reported by other workers, indicating that the 
method of calculation is valid and that the simple 
technique employed for the preparation of the 
radioactive protein yields a product which is satis- 
factory for metabolic studies. 
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The Measurement of Liver Blood Flow with 
Colloidal Radiogold (Au1%). A. G. Rup- 
DELL, Dept. Surgery, Univ., Manchester. 


Colloidal radio-gold (Au!%8) which is normally 
prepared for radioisotope therapy was used in these 
experiments. Preliminary investigations showed that 
93 per cent of the intravenous dose was taken up by 
the rat’s liver. 

In normal human volunteers following intravenous 
injection of 10 we of radiogold, blood activity, thigh 
activity and liver uptake curves were determined. 
Comparison of the various curves showed that the 
disappearance from the blood is complementary to 
the uptake in the liver. It is believed that determina- 
tion of the liver uptake curve may be used to measure 
liver blood flow in man. 
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Die radiologische Hypophysektomie durch 
Implantation von Au1%, K. E. ScHEER und 


E. Kiar, Neurochir. Abtlg., Chirurg. Univ. 

Klinik, Heidelberg. 

Im Verlauf von 2 Jahren wurden bei mehr als 150 
Patienten Implantationen in die Hypophyse vor- 
genommen, um eine Beeinflussung des Wachstums 
von Metastasen zu erzielen. Die Implantationen 
erfolgten mit Seeds aus Au!®® in einer Gesamtakti- 
vitat von 20-50 mc verteilt auf 2-5 Seeds. Die 
Einfithrung erfolgt mittels einer durch die Orbita 
und Keilbeinhohle in die Sella turcica vorgetriebenen 
Kanile unter Intubationsnarkose. Die Kaniile 
wird standig mit einem Schirmbildverstarker beo- 
bachtet und in ihrer Lage korrigiert. Der Eingriff 
wurde durchwegs gut vertragen, bisher ergab sich 
kein Todesfall durch den Eingriff. Es wurden 
iiberwiegend Mamma-Carcinome und in geringerer 
Zahl Prostata-Ca. Melanome, und andere Sarkome 
behandelt. Eindeutige Besserungen ergaben sich 
beim Mamma-Ca. Die 17 Ketosteroid- und Gesamt- 
corticoid-Ausscheidung sowie in einigen Fallen 
auch die Gonadotropinausscheidung wurden vor 
und nach dem Eingriff untersucht. Die Ergebnisse 
werden im Einzelnen mitgeteilt. 
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Autoradiographische Untersuchungen des 
Eiweiss-Stoffwechsels von Zellen und 
Zellgruppen unter besonderer Beriick- 
sichtigung der Nervenzellen des Kanin- 
chen- und Rattengehirns. B. ScHuLTzE 
und W. OEHLERT, Inst. Med. Isotopenforsch., 
Koln. 

Nach Gabe S*°-markierter Thioaminosauren wurde 
die relative Grésse der Eiweissumsatzrate einzelner 
Zellen und Zellgruppen mit Hilfe der stripping- 
film-Methode autoradiographisch untersucht. 

Es fanden sich dabei erhebliche Unterschiede in 
der Grésse der Eiweissneubildung zwischen den 
verschiedenen Zellen und Zellgruppen des Organis- 
mus. Geringe aber deutliche Unterschiede wurden 
zwischen Ganglienzellen verschiedener Rinden- und 
Kerngebiete des Zentralnervensystems gefunden. 
Die unterschiedliche Grésse des Eiweissumsatzes 
innerhalb verschiedener Kern- und Rindenbezirke 
des ZNS wird in Zusammenhang gebracht mit 
anderen Grdéssen, wie Funktion, Funktionszustand, 
Kapillardichte und Sauerstoffverbrauch entspre- 
chender Zentren. 

Mit der gleichen Methodik wurde der Eiweissum- 
satz verschiedener Zellen unter pathologischen 
Bedingungen, wie beim Niereninfarkt, bei der 
abszedierenden Entziindung und _ beim _lokalen 
Strahlenschaden untersucht. 

Das Hauptgewicht des Vortrages liegt in der 
Demonstration besonders eindrucksvoller und fiir 
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die einzelnen Versuchsreihen charakteristischer Auto- 
radiogramme. 
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Uber die Verteilung von Radioyttrium und 
Seltenen Erden im Organismus bei 
unterschiedlicher Applikationsart. E. 
SpopE, Dtsch. Akad. Wissensch., Berlin. 


Es wird iiber Versuche an einer grésseren Anzahl von 
Mausen und Meerschweinchen berichtet, bei denen 
Y*!, Lal4°, Cel44 und (tragerfrei) subkutan, 
intraperitoneal oder intracardial injiziert wurden. 
Die Tiere wurden zu verschiedenen Zeiten nach der 
Injektion (30 Minuten bis 30 Tage) getétet und die 
Aktivitaten der Organe nach vorheriger feuchter 
Veraschung mit dem Glockenzahlrohr gemessen. 


Die verwendeten Radioisotope zeigten zwar 
grundsatzlich Ahnliche Verteilungsmuster, doch 
lassen sich eine Reihe von Unterschieden feststellen, 
iiber die eingehend berichtet wird. Die Applika- 
tionsart wirkt sich erheblich auf die Verteilung aus. 
Wahrend nach intrakardialer Injektion Leber und 
Knochen die héchsten Aktivitaten aufweisen, finden 
sich noch langere Zeit nach subkutaner Applikation 
erhebliche Mengen an der Injektionsstelle. Bei 
intraperitonealer Injektion erfolgt die Resorption 
zwar besser, doch scheinen wesentliche Mengen der 
inkorporierten Aktivitat an den Organoberflachen 
im Bauchraum adsorbiert zu werden. Dies kann zu 
Irrtiimern bei der Bewertung der Versuchsergebnisse 
fiihren. 
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AsHLEY W. OUGHTERSON and SHIELDS WARREN: 
Medical Effects of the Atomic Bomb in Japan, 
National Nuclear Energy Series, Div. VIII, Vol. 8. 
McGraw-Hill, London, New York, 1956. xiii + 477 
pp., 60s. 


Tuts book presents the findings of the Joint Com- 
mission for the Investigation of the Effects of the 
Atomic Bomb in Japan, a body which started opera- 
tions shortly after the atom bomb attacks on Hiro- 
shima and Nagasaki in August 1945 and which was 
disbanded about a year later. The data presented 
are therefore about ten years old and cover only the 
more immediate effects of the bombs, there is no 
information in the later sequelae such as genetic 
effects, cancer and leukaemia. Nevertheless, the 


book is the only authoritative treatise available on the 
casualty effects of atomic weapons, and it may be 
divided into four parts. 


(1) Analysis of the number and types of casualties 
in relation to distance from hypocentre, shielding by 
terrain, buildings, shelters, clothing, etc., calculated 
radiation dose received, and availability of medical 
aid. Injuries due to blast, heat and ionizing radiation 
are separately considered. By and large, it seems that 
much more injury was caused by falling or flying 
debris and by flash burns than by radiation. 


(2) Clinical observations on surviving casualties. 

(3) Haematological studies on surviving casualties. 
This means a study of the cells in the blood and 
bone marrow. Two errors may be noted here; in 
Fig. 6.4 the magnification is given as 200 instead 
of 1200x, and Fig. 6.5, which is stated to show a 
histiocyte and an atypical lymphocyte, shows only 
the latter. 

(4) Post-mortem observations on casualties who 
died during the first few weeks. This section is well 
illustrated by photographs and photomicrographs. 
The photographic reproduction is good and it is 
unfortunate that the histological techniques were 
evidently rather poor. 

Parts (3) and (4) will only be understood by 
medical readers. 

Although the total mortality during the first three 
months was in the city of Hiroshima 26 per cent and 
in Nagasaki 22 per cent, it must be remembered that 
in both instances the air-raid defence system had 
failed to warn the population and it is important to 
note that people in deep shelters, caves or tunnels 
immediately below the hypocentre were quite 
uninjured, 

O. A. TROWELL 
Radiobiological Research Unit, 
Atomic Energy Research Establishment, Harwell 
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B. Laruente, S. A. and B. E. 
Proctor: Some further studies on the 
application of methylene blue in agneous 
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Change in Plasma Clearance Rate and Red 
Cell Uptake of Radioactive Iron in Patients 
following Total Body X-radiation 


W. K. SINCLAIR 
Physics Department, The University of Texas 
M. D. Anderson Hospital and Tumor Institute, Houston, Texas 


(Received 16 Fune 1957) 


Data are presented on changes in plasma clearance half-time and red cell uptake of iron-59 
in 12 patients irradiated with X-rays at a nominal air dose of 200 r, corresponding to an average 
dose of 130 rads. These data show a maximum change occurring at 3—4 days after irradiation 
which lengthens the plasma clearance half-time to double or treble its previous value. A slight 
but definite depression, of the order of 10 per cent, on the average, is demonstrated in the red 
cell uptake. 


CHANGEMENT DE LA VITESSE D’ELIMINATION DU FER RADIOACTIF DANS 
LE PLASMA ET DE SON ENTREE DANS LES GLOBULES ROUGES CHEZ DES 
MALADES SOUMIS A DES IRRADIATIONS TOTALES AUX RAYONS X 


On présente des données sur les changements de la période de demi-élimination du fer-59 
dans le plasma et de son entrée dans les globules rouges, chez 12 malades irradiés par des 
rayons X. La dose nominale dans l’air était de 200 r, ce qui correspond a une dose moyenne 
de 130 rad. Les résultats indiquent un changement maximum 3-4 jours aprés l’irradiation. 
La période de demi-élimination dans le plasma se trouve alors doublée ou triplée. On met en 
évidence une diminution légére, mais certaine, de la vitesse d’entrée dans les globules rouges, 


de l’ordre de 10°4 en moyenne. 


ITASMEHHOPO KJIMPEHCA W HAROILTEHWA 
OBIMETO PEHTTEHOBCROrPO OBJIYYEHHA 
OOJYYeHH j103e B BO3yxe 200 peHTreH, CooTBeTCTBY! CpeqHeli 
B 2 B 3 pasa 110 CpaBHeHMI0 C HCXO;{HBIM 3HaueHHeM. 
IbHOe, HO (B CpeHeM Ha 10°%) 


ANDERUNG DER GESCHWINDIGKEIT DER PLASMA CLEARANCE UND DER 
AUFNAHME VON RADIOEISEN IN DEN ROTEN BLUTKORPERCHEN VON 
PATIENTEN NACH GANZKORPER-RONTGENBESTRAHLUNG 

Zahlen uber die Veranderung der Halbwertszeit der Plasma Clearance und der Aufnahme 
von Fe-59 in den roten Blutzellen von 12 réntgenbestrahlten Patienten werden angegeben. 
Die Nominaldosis in Luft betrug dabei 200 r, was einer mittleren Dosis von 130 rad entspricht. 
Die angegebenen Werte zeigen eine maximale Veranderung 3 bis 4 Tage der Bestrahlung, mit 
einer Verlangerung der Plasma Clearance auf das 2-bis 3-fache ihres urspriinglichen Wertes. 
Die Eisenaufnahme der roten Blutzellen ergibt eine leichte, jedoch deutlich erkennbare 
Einschrankung, die gréssenordnugsmassig 10°, im Mittel betragt. 
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INTRODUCTION 


Tue depression of the uptake of radioactive 
iron in the red cells of rats following total 
body X-radiation has been extensively in- 
vestigated since the first observation was 
reported by Hennessy and Hurr in 1950. 
The original authors estimated that total 
body doses as small as 5 roentgens could be 
detected in this way and established that 
the maximum depression was observed when 
the iron was injected about 24 hr after 
irradiation. Subsequent workers?) have 
considered that doses of 25-30 r are about 
the minimum that can be reliably detected 
by this procedure, and that the opti- 
mum interval between irradiation and 
iron injection increases with the dose 
and is about 48 hr or more with doses above 
200 r. 

Comparatively few studies with radioactive 
iron have been made in humans following 
total body X-radiation and these have been 
concerned primarily with changes in the 
plasma clearance rate. LOEFFLER, COLLINS 
and Hyman? reported on four cases in 1953, 
and in 1957 LorEFFLeR"? reported on a group 
of 30 patients of whom 10 received 200 r to 
the anterior body surface. The plasma 
clearance half-times on these patients were 
studied serially and showed a maximum 
change by a factor of 1-5-2-5 at 2-3 days 
after irradiation. Some changes were also 
demonstrated by LoEFFLER following limited 


field treatment but these changes were more 
difficult to evaluate. 

In the present study, both plasma clearance 
and iron uptake determinations were under- 
taken in 12 patients both before and after 
receiving whole-body X-radiation for thera- 
peutic purposes. ‘The patients were irra- 
diated bilaterally at a nominal air dose of 
200 r, the average dose being about 130 rads. 
The bilateral technique provides a compara- 
tively uniform distribution of dose through- 
out the body, the variation in dose from the 
average value being only -+20 per cent in 
crossing the trunk. The average value of the 
integral dose was 8-1 Mega-gm-rads for these 
cases. Details of the technique and dosi- 
metry are described elsewhere.‘® 

These patients were available for study for 
only a limited period before irradiation, 
which was sometimes as short as 3 days and 
sometimes as long as 7—10 days, and after 
irradiation for periods of from 7-14 days. 
The pre-irradiation period was quite ade- 
quate for plasma clearance studies, but too 
brief for iron uptake studies since, in general, 
8-10 days are required for the establishment 
of the maximum uptake. However, the 
irradiation program was set up prior to the 
instigation of iron studies, which were 
possible only if they caused no interference 
with the other aspects of the program and, 
consequently, the unsuitability of the time 
relationship had to be accepted. 


METHOD 


General procedure. Initially iron-59 obtained as ferric 
chloride from Oak Ridge with specific activity in 
excess of one microcurie per microgram was converted 
to ferrous citrate, using the procedure described by 
Lorrr_eR.'*) Later, ferrous citrate of the same high 
specific activity, prepared by Abbott Laboratories, 
was diluted with 1 per cent sodium citrate to a 
concentration of about 10 wc/cm?. One cm? of this 
material was then injected intravenously (20 uc was 
used in some of the earlier studies). Following 
injection, 4 cm*® samples of venous blood were with- 
drawn into a heparinized syringe at approximately 
the following intervals: 15, 30, 45 and 60 min, and 
at 2,4 and 6 hr; thereafter at 24 hr intervals. Each 


blood sample was centrifuged for 20 min at 2000 
rev/min to separate plasma from red cells. For 
plasma clearance studies, the red cells were washed and 
the activity in the washings subsequently added 
to the plasma activity. Two cm*® samples of the 
plasma were counted and if the plasma was in 
excess of 2 cm? the extra volume was allowed for. 
For iron uptake, the red cells from 4 cm* of blood were 
made up to 2 cm® with water. All 2 cm® samples 
were counted in a sodium iodide well counter with 
a sensitivity for iron-59 of approximately 23 per cent. 
The background counting rate, which in the earlier 
studies amounted to 450 counts/min, was later reduced 
by additional shielding to about 220 counts/min. 
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Three-minute counts were conducted and the count- 
ing rates for both plasma clearance and iron uptake 
studies were generally within a range of 2000—10,000 
counts/3 min so that the statistical accuracy was 
reasonable. Each of the counts was compared with 
a standard which consisted of a diluted sample of 
the injected dose (the standard was prepared by 
adding 1 cm® of the radioactive iron solution to 
99 cm® of water). This standard provided a daily 
check on the performance of the equipment, and it 
also eliminated the necessity for corrections for the 
decay of iron-59. Throughout the time of the plasma 
clearance study, changes in hematocrit were sometimes 
observed but these were usually minor. Plasma 
clearance rates were determined by plotting the 
logarithm of the counting rate for the total plasma 
obtained from 4 cm® of blood, against time. The 
uptake results were plotted in terms of the percentage 
iron incorporated in the red cells against time. 
The percentage incorporated in the red cells was 
computed by estimating total iron-59 in the blood 
from the blood volume based on height and weight.'®) 
On this basis between 80 and 100 per cent of the 
iron injected appears in the circulating red cells in 
the non-irradiated individual. This value may be 
altered slightly if the estimate of blood volume is in 
error. However, no error would be occasioned in 
the relative change in uptake rate since the same 
value for blood volume is used in both the pre- and 
post-irradiation determination. 


No studies were made on the plasma iron 
level or on the changes in blood volume 


which may have occurred between the pre- 
and post-irradiation determinations. The 
interval after irradiation at which the second 
measurement was performed varied with 
each patient. The first dose of iron-59 did 
not affect the second plasma clearance study 
since by the time of the second study the 
plasma would be completely free of radio- 
active iron from the first study. However, 
as the first sample of iron was already well 
incorporated into the red cells, the second 
uptake study was quite severely influenced 
by the first. In cases where the period before 
irradiation was considerable, it was possible 
to establish a reliable uptake curve which 
had reached a stable saturation value at the 
time when the second uptake study occurred. 
However, in these instances, since the total 
available time was only 14 days, the post- 
irradiation period was then usually shorter 
than desired. The results might have been 
improved if an isotope such as iron-55 were 
used for the initial uptake and the second 
study made with iron-59. These two isotopes 
could have been distinguished in the second 
study by using different methods of measure- 
ment. However, had this plan been adopted, 
the measurements on plasma clearance 
would have been less reliable. 


RESULTS 


A record of the iron studies made on the 
complete group of 12 patients is contained 
in Table 1. Data concerned with the general 
clinical and hematological effects are con- 
tained in a separate report.'®) Patient serial 
numbers are the same in each paper. 

It is convenient to consider the plasma 
clearance and red cell uptake data separately. 


(a) Plasma clearance studies 
A typical plot showing the change in 


plasma clearance half-time after irradiation. 


for one of the patients is shown in Fig. 1. 
Plasma clearance half-time for each of the 
12 patients are listed in Table 1. The 
average plasma clearance time before irra- 
diation was 56:7 min, with a standard 
deviation of 15-6 min. This value may be 


lower than that in a group of healthy human 
beings since patients 31 and 32 (10 and 11 
in this series) had faster clearance times than 
might normally be expected, although they 
were not suffering from any known hema- 
tologic abnormality. After irradiation, the 
change in plasma clearance half-time pre- 
sumably depends on the interval between 
irradiation and determination of the plasma 
clearance. The over-all average for the 
plasma clearance half-time of the 12 patients 
is 97-8 min with a standard deviation of 31 
min. The greater standard deviation in- 
dicates the much greater variability. The 
ratio between the plasma clearance half- 
time after irradiation to that before is above 
unity in all cases and has an average value 
of 1:76 with a standard deviation of 0-49. 
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96 
Tas.e |. Effect of 200 r whole-body X-irradiation, administered to 12 cancer patients, 
on plasma clearance rate and red cell uptake of iron-59 
Interval Red cell uptake of iron-59: 
between “of Plasma days after iron-59 injection | 
Runni iron-59 iron-59 clearance Comparison of iron-59 uptake 
a : injection. . half-time 2 5 7 in red cells prior to and 
No. No. injected eke 
and | after X-irradiation 
irradiation, arm Per cent of injected 
days = amount 
] 18 —3 20 71 20 80 — Possible slight depression of 
about 10 per cent. 
+2 20 93 15 65 85 
2 19 —8 20 55 c, | 71 91 Possible slight depression of 
about 10 per cent. 
+1 20 84 20 58 80 
5 20 —7 10 67 28 77 95 | Possible slight depression of 
less than 10 per cent. 
4-1 20 101 25 71 90 
4 21 15 78 —  — | Period between first iron in- 
jection and X-ray adminis- 
+1 15 111 -— — -— tration too short to determine 
uptake. 
5 23 —6 7.5 54 14 59 70 | Definite depression of 15-20 
per cent. 
+5 i 110 10 45 50 
6 26 —4 10 67 18 74 80 | No evidence of depression. 
+3 10 154 25 78 87 
7 s | —2 10 65 11 60 71 | No evidence of depression. 
45 10 95 7 42 68 | 
8 29 —5 10 | 45 22 72 85 | Definite depression of 10-15 
per cent. 
+5 10 94 12 62 68 
2 30 —7 10 48 15 70 86 | Definite depression of 15-20 
per cent. 
+4 10 146 10 50 68 
| 
10 31 —5 10 36 21 64 92 Possible depression of about 10 
per cent. 
+6 10 54 0 60 75 
11 32 —6 10 24 20 86 90 Possible depression of about 15 
| per cent (change in baseline 
+6 10 38 18 52 56 _ following X-ray). 
12 33 —9 10 i) ae 11 66 91 Depression, though slight, is 
fairly definite at the higher 
+5 values. 


10 93 17 60 81 | 
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Minutes after injection of iron-—59 


Fic. 1. Patient 8. Plasma clearance study before and after 

irradiation. Although a small difference occurs in the 

apparent plasma volume before and after irradiation, the 

change in plasma clearance time is very definite. The 

half-time before irradiation is approximately 45 min and 
after irradiation, approximately 94 min. 


This ratio has been plotted against the num- 
ber of days between irradiation and iron 
injection in Fig. 2. The figure suggests a 
possible maximum ratio at about the third 
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Fic. 2. Ratio of plasma clearance half-time after irra- 
diation to that before irradiation against the time interval 
between irradiation and the second study. The diagram 
suggests a possible maximum ratio at about the third 
or fourth post-irradiation day. Many more studies would 
be necessary to establish this with certainty but the 
indication is fairly strong that there is an optimum time 
and that the maximum change in plasma clearance half- 
time is of the order of 2-3 times the normal value. 


or fourth post-irradiation day. Many more 
studies would be necessary to establish this 
with certainty, but the indication is fairly 
strong that there is an optimum time and 
that the maximum change in plasma 
clearance half-time is of the order of two to 
three times the normal value. It might be 
expected, of course, that at other dose levels 
both the value of the ratio and the time for its 
maximum might change. 


(b) uptake studies 


The results of the iron uptake deter- 
minations are much harder to evaluate, 
primarily because of the difficulties already 
referred to, namely (1) that of establishing 
the saturation level of uptake from the first 
study before proceeding to the second, and 
(2) because of the brevity of the post-irra- 
diation period, the saturation level in the 
second uptake was not always established. 
The nature of the difficulty is indicated in 
Figs. 3, 4 and 5 which show the uptake 
pattern of 3 typical patients. Fig. 3 shows a 
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Fic. 3. Patient 6. Uptake of iron-59 in red cells. X- 
irradiation took place only 4 days after the first iron 
injection, consequently, the saturation level was not 
reached in the first uptake. Although the second iron 
injection was given 3 days later (day 7), the point for 
day 8 must be considered in the baseline since no real 
contribution from the second iron injection could be 
assumed at this time. Consequently, two possible base- 
lines are indicated. In this case no evidence of depression 
was obtained, although there might well have been a 
depression evident if the pre-irradiation period had been 
longer. 
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Fic. 4 Patient 8. Uptake of iron-59 in red cells. The 
pre-irradiation period is longer (6 days) but the full 
saturation level for the first study has not been quite 
established at the moment of irradiation. However, the 
baseline is relatively well established and definite 
depression is demonstrated in this study. 


Iron-59 in red cells. 
% of amount of first injection 


ie) 
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a5 20 
Days ofter first iron-59 injection 


Fic. 5. Patient 9. Uptake of iron-59 in red cells. The 
saturation level for the first study seems to be quite well 
established but there is an insufficient post-irradiation 
period to be certain that further rise in uptake would not 
have occurred. However, observation of this series of 
cases has shown that the slope of the second uptake curve 
is smaller than the first, consequently, the rather marked 
difference in slope in this example may be indicative 
that the uptake level is near its maximum. In this case, 
therefore, rather definite evidence of depression is provided 
from the change in slope of the uptake curve and from 
the data in Table 1. 


patient with the first iron injection 4 days 
pre-irradiation, and the second one 3 days 
post-irradiation. There is uncertainty in the 
saturation level for the first iron-59 study. 
No depression has been demonstrated al- 
though there might well have been a de- 
pressionif the pre-irradiation period had been 
longer. Fig. 4 shows a patient in which the 
pre-irradiation period is longer but the up- 
take level has still not quite reached its full 
value at the moment of irradiation. Never- 
theless, the baseline for the second uptake 
study seems sufficiently certain to state that 
there is definite evidence of depression. In 
Fig. 5 the baseline section seems to be quite 
well established but there is an insufficient 
post-irradiation period to be certain that 
further rise in uptake would not have 
occurred. However, observation of this 
series of cases has shown that the slope of 
the second uptake curve is smaller than the 
first; consequently, the rather marked dif- 
ference in slope in this example may be 
indicative that the uptake level is near its 
maximum. In this case, therefore, rather 
definite evidence of depression is provided 
from the change in slope of the uptake curve 
and from the data in Table 1. 

In Table | the 2-, 5- and 7-day uptake 
levels for both pre- and_post-irradiation 
studies are presented. In the final column, 
an attempt has been made to estimate the 
magnitude of the change in uptake, taking 
into consideration the values in the table 
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Fic. 6. Depression in iron uptake against days interval 

between irradiation and iron injection. There is some 

indication that a maximum change may occur at 4-5 

days post-irradiation, as has been suggested by the plasma 
clearance data presented in Fig. 2. 
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and the graph of uptake against time for 
each case. 

If these changes are considered with regard 
to time interval between X-rays and the 
second iron injection and plotted as shown 
in Fig. 6, there is some indication that a 
maximum change may occur at 4—5 days 


post-irradiation as has been suggested by the 
plasma clearance data presented in Fig. 2. 
Although the data are not sufficiently precise 
to establish a time relationship, it is clear, 
nevertheless, that on the average a slight but 
definite depression of the order of 10 per cent 
has occurred. 


DISCUSSION 


It is of interest to compare these results 
with those observed with radioactive iron 
in the rat. Unfortunately, plasma clearance 
studies are more difficult to carry out in this 
animal and little information is available. 
In some unpublished experiments by this 
author, Sprague-Dawley rats irradiated at 
115 rads were found to show a maximum 
change of 1-5 times in plasma clearance 
half-time, occurring at about 18 hr after 
irradiation, less severe than the changes 
observed in humans. On the other hand, 
the depression of iron uptake in these rats 
appears to be about 20 per cent at 130 
rads," more severe than that observed in 
these human studies. This is probably con- 


sistent with the more rapid turnover of iron 
observed in the rat than in the human. 
However, the uncertainties in the human 
data oniron uptake presented here are so many 
that no exact comparison with laboratory 
data under controlled conditions is possible. 
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The Inhibition of the Uptake of Radio- 
phosphate in Normal and Sickle 
Anemic Red Blood Cells* 


G. P. LABAT and H. BRANSON 
Howard University, Washington 1, D.C. 


Through the use of P®* a coefficient of transfer and a coefficient of inhibition of transfer are 
defined precisely for the transport of phosphate into the human red blood cell. The method is 
applied to a study of the inhibitory effect of sodium fluoride on the uptake of radiophosphate 
by sickle cell red blood cells. ‘The data reveal that there may be an intrinsic quality in the sickle 
cell which is different in the normal cell since the rate of transfer of phosphate in the sickle cell is 
the same with or without sodium fluoride while transport is the normal red blood cell is strongly 
inhibited by fluoride. 


L°INHIBITION DE L’ABSORPTION DU RADIOPHOSPHATE DANS LES 
CELLULES DU SANG NORMALES ET ANEMIQUES FALCIFORMES 


Par l’emploi du P*® on peut préciser éxactement un coéfficient de transfert et un coéfficient 
d’inhibition de transfert pour le transport du phosphate dans la cellule rouge du sang humain. 
Le méthode s’applique a une étude de I|’effet inhibitif du fluorure de sodium sur l’ablation 
du radiophosphate par les cellules rouges du sang dites cellules falciformes. Les données 
montrent qu’il peut y avoir une qualité intrinséque dans la cellule qui est différente dans la 
cellule normale, vu que la vitesse de transfert du phosphate dans la cellule falciforme est la 
méme avec ou sans le fluorure de sodium tandis que le transport dans la cellule rouge normale 
est fortement inhibitée par le fluorure. 


YPHETEHHE PATMOSOCMOPA B HOPMA-IBHbIX UU 
JPHTPOUMTAX 
CEPHOBUHOM 
Tor ae MeTO, IpMMeHeH yrHeTalollero d@ropucroro HaTpuA Ha 

IlonyueHHble 1aHHble YTO CepNOBMAHbIe YPUTPOUMTLE MOryT HEKUM 
BHYTPeHHUM KayeCTBOM MX OT HOPMAIbHBIX, CKOpOCcTh 
(pochata BHYTPb DPHTPOUMTOB He M3MeHAeTCA BAMAHMeM dropucroro 
HaTpusl, Kak VY HOPMAJIbHBIX TpancnopT dociara pe3sko yrneraeTcH 


DIE HEMMUNG DER RADIOPHOSPHATAUFNAHME IN NORMALEN UND 
SICHELFORMIG ANAMISCHEN ROTEN BLUTZELLEN 


Durch Verwendung von P® kann fiir die Aufnahme von Phosphat in den roten Blutk6r- 
perchen beim Menschen eindeutig ein Keoffizient dir die Aufnahme und ein Koeffizient fiir die 
Hemmung der Aufnahme definiert werden. Die Methode wurde verwendet zum Studium des 
hemmenden Effekts von Natriumfluorid bei der Aufnahme von Radiophosphat durch sichel- 
formige rote Blutzellen. Die Werte ergeben, dass besondere Eigenschaften der Sichelzellen 
vorliegen miissen, welche sie von den normalen Zellen unterscheiden, da die Aufnahme von 
Phosphat in diesen Zellen von Natriumfluorid unbeeinflusst bleibt, wahrend der Phosphat- 
transport bei normalen roten Blutzellen durch das Fluorid stark gehemmt wird. 


* This work has been supported by the U.S. Atomic Energy Commission, AT(30-1)-892. 
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Normal and sickle anemic red blood cells 


INTRODUCTION 


Ir nas been established that the transport of 
many components of the blood across the 
membrane of the human red blood cell is 
regulated in part by metabolic processes." 
Moreover it was found that the uptake of 
phosphate by the red blood cell is controlled 
at least in part by a metabolic process since 
the velocity of uptake cannot be explained 
in terms of diffusion alone.‘ 

Since there exists a close relation between 
oxidation and phosphorylation in the living 
cell, a study of the rate of uptake of phosphate 
by the red blood cell under various conditions 
should give insight into the mechanism of 
phosphorus transfer and its disturbance in 
sickle cell anemia. From such a study it was 
revealed that the turnover time (that interval 
of the time during which the amount entering 
cell equals the amount present) of phosphorus 
in the sickle cell is greater than that in the 
normal cell.‘ 

The uptake of phosphorus can occur 
anaerobically, therefore, it seemed that at 
least one of the metabolic systems involved 
might be the glycolytic system. GouRLEy'?? 
studied the effect of various inhibitors on the 
uptake of radiophosphate by human red 
blood cells and found that iodoacetic acid and 
sodium fluoride, well-known glycolytic inhibi- 
tors, did retard the transport of radiophos- 
phate across the membrane. 

In these experiments, the inorganic phos- 
phorus contains the bulk of the radiophos- 


phorus. Our data showed that for normal 
blood the amount of inorganic phosphorus 
within the red blood cell averages 3-24 mg 
per 100 ml while for sickle cell anemic blood 
the value is 10-19 mg per 100 ml of red blood 
cells. The specific activities are less for the 
sickle cell in such a ratio that normal and 
sickle red blood cells contain about the same 
total amount of radiophosphorus.”) ‘These 
data can account for the reports that there is 
no difference in the labeling of the phosphor- 
ous fractions in normal and sickle cell red 
blood cells.{® For although there is much 
more inorganic phosphorus within the red 
blood cell of the sickle cell patient, the total 
radioactivity transported is the same. ‘These 
results support the conclusion that the major 
entry of inorganic phosphorus is by way of 
some carrier-type mechanism, rather than 
simple diffusion. But it seemed reasonable 
to postulate that diffusion plays some role. 
Hence the diffusion exchange would be 
expected to be greater in the sickle cell 
anemia than the normal and, therefore, 
there might be some difference in the carrier 
transport in the two since the total transport 
is approximately the same in both. The 
purpose of this investigation was to study 
the effect of metabolic inhibitors on the 
uptake of radiophosphate by the sickle cell 
anemic red blood cell. This paper reports 
the results for sodium fluoride as_ the 
inhibitor. 


MATERIALS AND METHOD 


Blood samples were obtained from the 
Pediatric Service and the Hematology Clinic 
of Freedmen’s Hospital. They were grouped 
as sickle cells, sickle cells (patients recently 
transfused), and normals. Normals included 
all types except those exhibiting sickling. In 
addition two samples were obtained from 
Walter Reed Hospital. These two were from 
patients with hemoglobin-C disease. 

Twenty milliliters of blood were drawn and 
immediately shaken with 2 mg of sodium salt 
of heparin. Ten milliliters of the heparinized 
blood were placed in a Warburg flask with 


0-1 ml NaF (1-4 x 10-? M) and the remain- 
ing 10 ml were placed in another flask without 
sodium fluoride. ‘To each vessel was added 
an equal amount (approximately | wc) of 
radiophosphate as PO,. ‘The flasks were 
shaken in a Warburg apparatus at 37°C, in an 
atmosphere of oxygen, for 4 hr. The samples 
were then removed and centrifuged. The 
plasma was drawn off as completely as 
possible and the red cells were carefully 
washed three times with isotonic saline. 
Total phosphorus determinations on the 
plasma and red blood cells of both the control 
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and sodium fluoride-treated samples were 
made according to the method of Fiske and 
SUBBARROW.') The radioactivity was deter- 
mined and the specific activity was calculated, 


counts/sec/ml 
Specific activity = - 

~~ mg phosphorus/ml 
The ratio of the specific activities of the red 
blood cells and plasma is a measure of trans- 
fer of radiophosphate from the plasma into 
the red blood cells, we define a coefficient of 
transfer, 


G. P. Labat and H. Branson 


Specific activity (RBC) 


Specific activity (Plasma) 
It follows that a comparison of the transfer 
of the control sample with that of the inhibi- 
ted sample is a measure of the inhibitory 
effect of sodium fluoride, which suggests a 
coefficient of inhibition, 


Transfer (NaF) 


- == Inhibition (J) 


RESULTS 


In normal red blood cells, samples 1-16 
in Table 1, fluoride ions had the expected 
inhibitory effect as is indicated by a higher 
transfer ratio for the control sample than for 
the sodium fluoride-treated sample. The 
average inhibitory effect for the normals was 
2-26. 

1.—Results 


Standard 
deviation 


No. Coefficients 
patients of inhibition* 


Condition 


0-74 
0-03 


1-4 (2-26 av.) 
0-86-1-2 (1-05 av.) 


Normal 16 
Sickle 14 
Sickle (trans- 

fused) 
HbC : 


*Counts/sec/ml 
sis = Specific activity (Plasma or Rbc), 
mg P/ml 
Specific activity (Rbc) 
Specific activity (Plasma) 


Coefficient of transfer (Control) 


= Coefficient of inhibiti 
Coefficient of transfer (NaF) 


In the case of sickle cells, sample 17-30, 
fluoride ions have no inhibitory effect on the 
uptake of radiophosphate since the transfer 


ratio for the sodium fluoride treated sample is 
approximately the same as that of the control. 
The average inhibitory effect was 1-05. 

Samples 31-33 gave an intermediate in- 
hibitory effect. The patients involved had 
received recent transfusions and therefore, it 
is expected that these would not behave as 
true sickle cells. The results indicate that in 
hemoglobin-C disease there is some slight 
inhibition of transfer of radiophosphate. 
However, the small number of samples 
prohibits a detailed analysis. 


ie) 


Coefficient of inhibition 


Sickle 
cell 
transfused 


Condition 
Fic. 1. The effect of sodium fluoride on the movement of 


radiophosphorus into the red blood cell. The coefficient 
of inhibition is defined as the ratio of the coefficient of 


Hemoglobin- 
cell 


‘transfer for the control to the coefficient of transfer with 


NaF. 
© End point of the range of J. 
© Average value of J. 


DISCUSSION 


FEINSTEIN ef al.'*) studied the factors 
influencing the uptake of radiophosphate by 
red blood ceils and found that when certain 
extrinsic factors: such as, time, temperature, 
and medium were held constant then the 
uptake was constant.'*) The only factors 


which influenced the uptake were the concen- 
tration of the radioactive solution and the 
concentration of red blood cells. They found 
over a wide range of clinical diseases, in- 
cluding several with hemolytic disturbances, 
that the affinity of the red blood cells for 
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Normal and sickle anemic red blood cells 


radiophosphate was the same as the affinity 
in normal cells. Their findings are consistent 
with ours if the situation is that pure diffusion 
is greater in the sickle cell than in the normal 
because of the larger amount of inorganic 
phosphorus in the sickle cell anemic red 
blood cells.‘ 

Since the phosphorus was administered in 
the form of inorganic phosphate it seemed 
reasonable to study the behavior of the 
inorganic fractions.©) It was found that 
normal red blood cells exchange inorganic 
phosphate at a faster rate than do the sickle 
cell red blood cells. The fact that there were 
originally different amounts of inorganic 
phosphate in the various fractions of nor- 
mal and sickle cell red blood cells did not 
invalidate the results. Analyses are being 
carried out with regard to the organic 
fractions. 

Fluoride ions act specifically on the enzyme 
enolase and under physiological conditions 
magnesium is the activator of enolase. In 
the presence of fluoride and inorganic phos- 
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phate the magnesium ions form an insoluble 
fluorophosphate complex, deactivating eno- 
lase due to a lack of magnesium ions.‘ 

If fluoride ions have no effect upon the 
uptake of radiophosphate in sickle cells, then 
perhaps enolase may be absent or certainly 
ineffective if present. The higher the con- 
centration of magnesium the greater the 
inhibition with a given amount of fluoride 
ion. Therefore, if the magnesium content is 
low the effect of inhibition would be less with 
a given amount of fluoride ion. A comparison 
of magnesium content of normal and sickle 
cell red blood cells revealed no significant 
differences between the two groups. 

Studies with slightly higher concentrations 
of fluoride ions revealed no inhibition of 
transfer in the sickle cell ions. When the 
concentration was raised above 1-4 « 10-2? M 
(e.g. 2-0 « 10-*), there was marked hemo- 
lysis in the samples. This value, 1-4 « 10? 
M was chosen, therefore, as the upper limit 
for the concentration of Naf in our experi- 
ments. 
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Medical Applications of Neutron Activation 
Analysis" 
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Neutron activation analysis, employing low flux intensities (2-5 x 108 neutrons/cm?/sec) 
has been adapted to the estimation of anions and cations in biologic specimens. A flux of this 
magnitude is obtainable from Van de Graaff-beryllium sources, radium-beryllium systems, 
as well as nuclear reactors; hence the techniques should be technically feasible for a number of 
laboratories. Following exposure of 10 ml serum to such a flux for one hour, 15 radioisotopes 
are produced to the extent of 30 dpm or greater. The isotopes represent 8 cations (Na, K, 
Ca, Cu, Zn, Mg, Co, Mn) and 4 anions (Cl, Br, I, P). Methods of separating the isotopes, and 
distinguishing them by beta and gamma ray spectroscopy are discussed. Radiosodium (Na**) 
is the principal gamma ray emitting isotope produced in blood; it may be readily produced and 
estimated with fluxes of 10° or even lower. The necessity of removing radiosodium in order to 
estimate isotopes present in only trace quantities is stressed. Applications to the nondestructive 
analysis of tissues, red cells, and other biologic specimens is discussed. 


EMPLOIS DANS LA MEDECINE DE L’ANALYSE PAR 
ACTIVATION NEUTRONIQUE 


L’analyse a l’activation par neutrons, utilisant de petites intensités de flux (2,5 = 108 
neutrons/cm?/sec) a été modifié a l’estimation des anions et des cations dans les échantillons 
biologiques. Un flux de cette force peut provenir des sources Van de Graaff-béryllium, des 
systémes radium-béryllium, ainsi que des réacteurs nucléaires; donc on supposerait que les 
techniques soient théoriquement faisables pour un nombre de laboratoires. Aprés avoir 
exposé 10 ml. de sérum a un tel flux pour une heure, on obtient 15 radio-isotopes en quantités 
de 30 dpm ou plus. Les isotopes représentent 8 cations (Na, K, Ca, Cu, Zn, Mg, Co, Mn) 
et 4 anions (Cl, Br, I, P). Les méthodes sont discutées pour séparer les isotopes, et pour les 
reconnaitre au moyen de la spectroscopie aux rayons béta et gamma. 

Le radio-sodium (Na?) est le principal des isotopes émettant les rayons gamma qui sont 
produits dans le sang; il peut facilement étre produit et estimé avec des flux de 10® ou encore 
moins. La nécessité est soulignée d’enlever le radio-sodium afin d’estimer les isotopes actuels 
en quantités de traces seulement. Les applications a l’analyse non-destructive des tissus, des 
cellules rouges et d’autres échantillons biologiques sont discutées. 


MEXUMMHCROE MPMUMEHEHWE METOJIA HEMTPOHHOrO 
ARTUBAHWMOHHOPO AHAJIMBA 


HeliTpOHHOPO AKTHBAIMOHHOPO C TOMOL[bIO HeliTPOHHBIX NOTOKOB 
KaTHOHOB B OOpasyax. MHTeHCMBHOCTH MO7KHO 
HE B peakTope, HO B reHepaTope Ban 


* The opinions expressed herein are those of the authors, and do not necessarily reflect the views of the Medical 
Department or the Naval Service at large. 
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B pes3yuprare HeiirpoHHoro 10 MoI KPpOBM B TeyeHHe 1 B Heil 
oOpasyerca 15 CO CKOpOcTbIO 30 B 
muHyTy. B uncae 8 KaTHoHOB (Na, K, Ca, Cu, Zn, Mg, Co, Mn) 4 annona 
(Cl, Br, I, P). U30TONOB UX C 
Oera- OCHOBHBIM B KPOBH, 
ABIAeTCAH (Na). Ero yjaerca M3MepATh MHTeHCHB- 
AHAIN3a TKAHEM, SPUTPOUMTOB Apyrux OObERTOB. 


MEDIZINISCHE ANWENDUNG DER NEUTRONEN-AKTIVIERUNGSANALYSE 


Die Methode der Neutron—Aktivierungsanalyse bei niedrigem Neutronenflux (2:5 x 108 
Neutronen/cm?/sec) zur Bestimmung von Anionen und Kationen in biologischen Proben 
wurde untersucht. Ein Flux dieser Gréssenordnung kann mit Hilfe von Bestrahlung von 
Beryllium im Van de Graaff, mit Radium-Beryllium-Quellen und auch im Reaktor erhalten 
werden, so dass diese Methode von einer Reihe von Laboratorien angewendet werden kann. 

Nach einstiindiger Bestrahlung von 10 cm? Serum mit einem Flux der genannten Hohe sind 
15 verschiedene Radioisotope nachweisbar, mit einer Aktivitat von 30 Zerfallen pro Minute 
und dariiber. Diese Isotope reprasentieren 8 Kationen (Na, K, Ca, Cu, Zn, Mg, Co, Mn) 
und 4 Anionen (Cl, Br, I, P). Methoden zur Trennung dieser Isotopen und zum Nachweis 
mittels B- uns y-Spektroskope werden besprochen. Na*4 ist der wichtigste y-Strahler unter 
den im Blut erzeugten Radioisotopen. 

Bemihungen sind im Gange Radionatrium abzutrennen, um auch solche Isotope nachweisen 
zu kénnen, die nur spurenweise vorhanden sind. Die Moéglichkeit der zerstérungsfreien 


Analyse von Gewebe, roten Blutkérperchen und anderen biologischen Proben wird besprochen. 


NEUTRON activation analysis is a_ well- 
known procedure that is of use in quantita- 
tive chemical determinations,">?) and _bio- 
logic trace element studies.“ The innova- 
tion reported here is the adaptability of 
low neutron-flux intensities for brief periods 
of time to clinical situations, such as the 
rapid, accurate, and non-destructive estima- 
tion of multiple anions and cations in a 
biologic specimen. 

As will be pointed out such a technique 
has a number of potential advantages. 

1. Low flux densities are available from 
Van de Graaff-beryllium sources, radium— 
beryllium systems, and small nuclear reac- 
tors. Hence, a low neutron flux is within 
the technical capabilities of many labora- 
tories. 

2. Brief periods of irradiation, varying 


from 5 min to | hr. make clinical and experi- 
mental data readily available. In other 
activation techniques a neutron exposure of 
many hours to one month was required. 

3. The technique is adaptable to almost 
all biologic specimens, including tissue, 
blood, saliva, urine and_ feces (with 
the latter, there is no _ objectionable 
odor, as encountered with other analytic 
methods). 

4. At low neutron flux densities no 
heating of the sample occurs, and the 
method can be considered to be essentially 
non-destructive. Hence, specimens may be 
analyzed for other components by standard 
techniques, or kept for reassay as many 
times as desired. In addition, they may 
later be subjected to high neutron-flux 
densities for trace element analysis. 


THEORY 


The principal interaction between bom- 
barding thermal neutrons and target nuclei 
is a neutron-y event: 


2 


The resultant nuclide may or may not be 
unstable, depending upon its configuration. 
If unstable, it decays with characteristic 
emissions and half-life, and thus may be 


identified and quantified. 
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From the quantity of radioactivity induced 
in the sample, it is possible to calculate the 
amount of elemental material originally 
present. Two methods are available: 

1. Absolute calculation may be used, and 
the following relationship applies. 


WwW = 
M.A, 
(1-63 x 10-5) (n)(aA)(f)(1 — (e~*2) 


W is the weight of the particular element (g) 

A, is the atomic weight of the element 

M is the induced radioactivity (uc) 

n is the flux (neutrons/cm?/sec) 

oA is the isotopic cross section (barns) 

f is the fractional abundance of the 
precursor stable isotope 

2 is the disintegration constant of the 
induced nuclide 

t, is the time of irradiation 

t, is the time from irradiation to analysis. 


Mitchell and E. Richard King 


2. The unknown may be compared with 
a standard irradiated at the same time. If 
both standard and unknown are subjected 
to the same flux for an identical period of 
time, then: 


Activity in standard _ Activity in unknown 
Weight of standard Weight of unknown 


Since the standard and unknown are usually 
analyzed at two different points in time, 
correction must be made for radioactive 
decay: 


Where ¢, is the time between analyses, A is 
activity, W is weight, s is standard and wu the 
unknown. 


TECHNIQUE 


Samples were placed in_ polyethylene 
tubes (15 x 35 mm), and heat sealed. The 
tubes had been washed in nitric acid, 
distilled water, and air dried to insure free- 
dom from contaminants. Minimal short- 
lived radioactivity was induced in the con- 
tainers after neutron exposure, but presented 
no problem. A number of loaded tubes 
were placed within a polyethylene bag, and 
lowered into the “glory hole”’ of a pool-type 
nuclear reactor.* Irradiation periods varied 
from a few minutes to one hour. Dried 
human serum of known composition (avail- 
able commercially as Versatol, Warner- 
Chilcott, or Clinical Chemistry Control 
Serum, Hyland) was used as the standard. 

When y-emissions were estimated, there 
was no essential difference between samples 
counted in the original container and those 
transferred to a ‘cold’ tube. For beta 
counting, samples were placed on planchets, 
with a standard and unknown being counted 
in identical fashion. 


Gamma ray spectroscopy, using a pulse 
height analyzer (Atomic model 510) was 
employed with a motorized potentiometer 
(to vary continuously the baseline voltage) 
and a rectilinear recording galvanometer. 
The device scanned from 0 MeV to 4 MeV 
in 50 min. 


Blood analysis 


The availability of blood, and its ready 
fractionation into cellular and non-cellular 
components has made it an ideal subject for 
analysis. In addition, blood electrolyte-levels 
are often of clinical importance, and rapid 
estimation is desirable. Neutron activation 
analysis is adaptable to this task. 

Following exposure of 10 ml serum to a 
flux of 2-5 » 108 neutrons/cm?/sec, 15 radio- 
isotopes are calculated to be produced to the 
extent of 30 dpm (disintegrations per minute) 
or greater. These are Na?4, Cl38, P®?, Ca?4?, 
K42, Br8, Brs2, [128 Cust, Cus6, 


Mg?’, and possibly and Mn**, In 


* We are indebted to the staff of the Nuclear Reactor Project, Naval Research Laboratory (Anacostia, Md.) for 
their assistance with the irradiations. 
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Table 1 are the physical characteristics of 
the fifteen induced radioisotopes, and the 
original composition of the blood. 

If complete delineation were possible, 
eight cations (Na, Ca, K, Cu, Zn, Mg, Co, 
Mn) and four anions (Cl, I, Br, P) could be 


determined following exposure of serum to 
the low neutron flux. 

Sodium. It can be seen (Table 1) that the 
most prevalent emissions are from radio- 
sodium (Na*4) and radiochlorine (CI?8). 
Since Cl§* has a short half-life (37-3 min), 


Taste 1. Radiocations induced in serum, following exposure of 10 ml to a flux of 2-5 x 108% neutrons/cm?2/sec for 1 hr. 


Ave. no. Ave. no. 
Isotope Half-life (hr) dpm at 7’ = 0 | y-rays/ 
isintegration disintegration 
Na? 15-0 320,000 1-00 2-00 | 640,000 369,280 
K4 | 12-5 1909 1-00 0:20 381 196 
Ca‘? | 0-142 444° 1-002 1-00 | 444 0 
Cu*4 12-8 0-91 0-387 84 
Cu*é | 0-085 950 1-00 0-07 66 0 
Zn’? 0-867 134 1-00 0 0 0 
Mg?* 0-158 123 1-00 1-2 148 0 
Mn°*® 2-58 30 1-00 1-0 30 0 
Co%™™ 0-175* 30 0-01 1-0 30 0 
4 
total y total y 
Assumed composition per 10 ml 
Na 33-0 mg Mn 10->' mg 
K 1-6 Co 10-5 
1-0 Mg 0-1 
Cu 10-? Zn 


* Isomerizes to Co® which is also radioactive 
+ From positron annihilation 
~ Value may be in error 


TaBLE 1b. Radioanions induced in serum, following exposure of 10 ml to a flux of 2-5 108 neutrons/cm2/sec for | hr. 


Avg. no. Avg. no. 


| 
| 
| 
| 
| 
| 


Tsotope Half-life (hr) | dpm at 7 =0 f-particles/ y-rays/ 
| disintegration | disintegration 
Gligg 0-622 800,000 1-00 0-47 376,000 0 
Bre 4-6 2350 0 2:00 4700 776 
Br®° | 0-3 43,500 | 0-91 0-21* 9135 0 
Br®? “35:9 290 1-00 1-00f 290 215 
2° | 0-417 | 1440, 0-95 0-07 101 0 
pez | 348-0 | 35 1-00 0 0 | 0 


* 0-15 from primary y, 0-06 from positron annihilation 
+ Value may be in error 
Assumed composition per 10 ml 
Cl 34:0 mg I 10-* mg 
Br 0-1 


Na?4 y/min 


After 12 hr: = 99-6 


Anion + cation y/min 
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Dried serum sample 
24hr after 
irradiation 
IK scale, gain of | 

5 V window, 
10 sec response 


O 3°0 
MeV 
Fic. 1. Gamma-ray spectrum from dried material of 
10 ml human serum. Neutron flux was 2-5 x 108/cm?/sec 
for 1 hr. Horizontal axis is the energy of the gamma 
emissions. 


the nuclide is rapidly dissipated, and Na*#4 
dominates the y-ray spectrum from neutron- 
irradiated serum (Fig. 1). Determination of 
sodium can readily be performed by neutron 
activation analysis of serum, utilizing any 
one of three systems. 

1. If a nondestructive analysis is desired 
as part of a laboratory project, the sample 
may be irradiated (2-5 x 108 neutrons/cm?/ 
sec for 1 hr), and then allowed to undergo 
decay for 12 hr. At the end of the period, 
almost all of the induced radionuclides, 
aside from Na?*, have disappeared, and 
99-6 per cent of the remaining gamma 
emissions are from radiosodium (Table 1). 
Hence, conventional y-counting will suffice 
to indicate the quantity of sodium present. 
We have also employed spectroscopy, with 
estimation of the area under the resultant 
curve, for this purpose. The advantage of the 
latter procedure is that it permits possible 
identification of radiocontaminants which 
may be present. Accuracy of sodium 
analysis by neutron activation is +3 per cent 
when compared with values obtained by 
photometry (Table 2). 

2. If sodium estimation is part of a com- 
plete electrolyte analysis of serum, the 


Tas_e 2. Analysis of sodium in blood serum by flame 
photometry and activation analysis (mg/10 ml) 


Flame Activation Difference | Difference 
photometry analysis in mg (per cent) 


209 26-3 
30-1 
30-4 30-1 


Count fractions 
separatel 
lute from identify Components 
nigel column by or 
spectroscopy 
compare with 
standard 


Add AgNo3—*Filtrate contains 


Precipitate contains 
halogens 


Count immediately Count 


components for Br&2 
with 


anion exchange resin 


Fic. 2. Scheme of method used for fractionating blood 
plasma into anion and cation components. 


sample may be fractionated either before or 
after irradiation. Fractionation prior to 
neutron exposure must be accomplished 
without the introduction of anions or cations 
which themselves would become _radio- 
active. After irradiation, any nonradio- 
active reagents can be employed, but time 
is of the essence, as radioactive decay 
dissipates the number of counts. 

A scheme which may be useful in rapidly 
separating serum into its components (Fig. 2) 
has been utilized. This will be more fully 
discussed in another section. 

3. A third scheme is possible, if a rapid 
(10 min) estimation of sodium is desired. 
Upon exposure of 10 ml serum to a flux of 
2-5 x 108 neutrons/cm?/sec for 5 min, about 
0-01 we (over 22,000 dpm) of radiosodium 
are produced. With suitable shielding to 
reduce y-rays of other energy levels, and 
counting the 2-75 MeV y-emission from Na?# 
a sodium analysis can be quickly performed. 
We have not yet gained extensive experience 
with this technique, but it appears to merit 
further attention. RerrrreL and Srone!?) 
have used a somewhat similar procedure 
for estimating sodium in muscle. It should 
also be mentioned that f-counting (Fig. 3), 
and /-spectroscopy may be applicable to 
sodium analysis. 

Halogens. At the low neutron flux em- 
ployed, five halogen radioisotopes are induced 
to the extent of 30dpm or greater after 
exposure of 10 ml serum for | hr. These 
isotopes are Br®®™, Br®, Br8?, 1128, and 


(Table Ib). 


108 
Samples 
Test 
VOI 
2 
195 
0-4 1-5 
0-3 1-0 
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hr after irradiation 


50! 


log c/min 


Fic. 3. Plot of B-activity of a dried serum sample exposed 
to a flux of 2-5 x 108 neutrons/cm?/sec for 1 hr. Half- 
life is 15 h, corresponding to Na+. 


The radio-halogens can perhaps be sepa- 
rated by passing irradiated serum over an 
anion exchange column (such as Amberlite 
IRA-400 OH). We have also noted some 
success in precipitating the halogens by 


y counts from radiohalogens 
in 10 ml serum 


6 8 
hr after irradiation 


Fic. 4. Gamma activity from radiohalogens induced in 
10 ml serum following exposure to a flux of 2:5 x 10% 
neutrons/cm2/sec for 1 hr. Experimentally determined 
values closely approximate this theoretical curve. Open 
circles at each hour represent the total number of counts 
at that time. At zero time, 96-3 per cent of the emissions 
are due to Cl%8. Twenty-two hr after irradiation, only 
Br®? remains. 


means of silver nitrate, washing the pre- 
cipitate, and then counting. Fig. 4 presents 
the calculated decay curve for the radio- 
activity induced in the halogens from 10 ml 
serum. . Experimentally determined curves 
closely parallel this. Following removal, of 
the sample from the reactor, 96-3 per cent 
of the total y-emissions present due to 
radiohalogens are from radiochlorine 
After 22 hr of decay, all of the radiohalogens 
have been dissipated, except Br**. Hence, 
22 hr following irradiation, bromine may be 
quantified in the specimen. 

If more rapid halogen analysis is essential 
counting at the photoelectric peaks of the 
emissions may prove useful (the major y- 
emissions are listed in Fig. 5). With a f-ray 
spectrometer, spectrometry may also be 
utilized to distinguish between the radio- 
halogens. 

Other anions and cations. It is probable that 


y emissions of radioanions 


Br8Om in blood 0-037 


~ “0-049 


cu” 


Fic. 5. Gamma-emissions of radioanions induced in 
blood; P®2 emits only a f-particle. Figures represent 
energy of emission in MeV. 
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P82 estimation can be accomplished by 
eluting the anions from a resin column, 
precipitating the halogens as the silver salts, 
and counting the filtrate. Even with the low 
flux intensities utilized, it should be possible 
to produce enough radiocopper (Cu®! and 
Cu®*), radiozinc (Zn®*), a pure f-emitter, 
radiomagnesium (Mg?’), radiomanganese 
(Mn°**), and radiocobalt (Co®™), to permit 
identification. Quantitation will depend on 
a rapid method of separating those materials. 
Isotopic dilution’? has been employed by 
Bowen during the activation analysis of 
manganese, with an accuracy of +10 per 
cent. Kocu e¢ al., using activation analysis 
to study tissues, employed exchange columns 
in the separation of cations present in trace 
quantities. We are exploring the poten- 
tialities of this method. Amberlite XE-96 
exchange resin* has been used to remove 
cations, and the sample is analyzed for 
anions. Similarly, another aliquot is run 
through a column to remove anions, and 
the sample remaining is studied for cations. 
We are also trying pL-Methoxyphenylacetic 
acidasa sodium precipitant, with exchange- 
column separation of remaining ions. 


Tissue analysis 
Our calculations (Table 3) indicate that 


€ y decay, irradiated mouse muscie 
~ 4 Observed experimentally 
 Caiculated 

3000) Jissue exposed to flux of 2°5x10~ neutrons _| 

/em*/sec for thr 

2 
~ a 

| 
1 12 4 Be 22 


hr after irradiation 


Fic. 6. Gamma decay of irradiated mouse muscle. Cal- 
culated points obtained by assuming electrolyte com- 
position identical to that in Table 3. 


exposure of a gram of muscle tissue to a low 
neutron flux for 1 hr will induce sufficient 
activity in magnesium, potassium, phos- 
phorus, sodium, and chlorine (the latter 
two as interstitial fluid contaminants) to 
permit identification and quantification. The 
y-counts obtained from a sample of irradiated 
tissue (mouse muscle) are plotted in Fig. 6, 
with theoretical values obtained by assuming 
that the original activity was due to Mg, K, 
Na, and Cl in the proportions listed in 
Table 3. Agreement between the two 
curves is good. 

Tissue digestion permits separation of 
components by passage through proper 
exchange columns, and individual counting. 
A second approach, if time is not vital, is to 
do initial counting in a y-ray spectrometer, 


Taste 3. Calculation of radioactivity induced in 1 g muscle sample, following exposure to a flux of 


2-5 » 108 neutrons/cm?/sec for 1 hr. Activation analysis of major tissue electrolytes 
Disintegrations 
End product 1} isotope concentration tissue after 1 hr 
Element atomic abundance cross section 
‘ isotope (hr) (g/g tissue | in flux of 2-5 x 
weight precursor (barns) water) | 10® neutrons/cm? 
sec 
Magnesium 24-3 0-111 0-03 Mg?’ 0-158 aa x 10 655 
Potassium 39-1 0-068 12-5 x 10-* 5370 
Phosphorus 31-0 1-0 0-20 348-0 200 
Sulfur 32-1 0-042 0-26 2088 0 
Sodiumt 23-0 1-0 0-53 Na?4 15-0 so xa 3080 
Chlorinet 35-5 0-245 0-56 0-622 7925 


Assuming 10° of tissue is interstitial fluid 
g 


* Kindly supplied by Rohm & Haas Company 


Medical applications of neutron activation analysis 


and then wait for radioactive decay to occur. 
Radiophosphorus (P*?) has a longer half- 
life than other isotopes (of magnesium, 
potassium, sodium, or chlorine) present in 
the sample. After suitable decay, only P*? 
remains, and its quantification by f-counting 
is feasible.‘ 

Erythrocytes also contain sufficient sodium, 
magnesium, and potassium, to make possible 
the detection of these materials by neutron 
activation analysis (Table 4). Hence a new 
tool is available for the study of erythrocytes 
in health and disease. 

We have also analyzed feces, urine, and 
saliva by means of the radioactivity induced 
by a low neutron flux. There is reason to 
expect that the technique may be applicable 
to the analysis of hair, and other biologic 
specimens such as cerebrospinal fluid. 
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TABLE 4. Composition of erythrocytes, and radioactivity 
theoretically induced by exposure to a flux of 2:5 « 108 
neutrons/cm2?/sec. 


Assumed 
concentration 
per 10 ml 
RBC 


| dpm after | hr in 
| flux of 2:5 = 108 


neutrons/cm2/sec 


Element Isotope 


Sodium 2-5 mg 


Magnesium 0-66 mg 


Potassium 42-0 mg 


Chlorine 20-0 mg 


DISCUSSION 


Neutron activation analysis, using a low 
flux intensity has medical applications when 
electrolyte determinations are required. The 
low neutron levels utilized are available 
from small nuclear reactors, from Van de 
Graaff-beryllium assemblies, and radium- 
beryllium sources. Fabricated radium-beryl- 
lium systems supplying a flux of 10° neutrons/ 
cm?/sec are available for only a few thousand 
dollars. One gram of radium mixed with 
berylium produces, by an «a, neutron 
reaction, a flux of 10® neutrons/cm?/sec at 
a distance of 1 cm from the source. Such 
a setup, feasible for hospital use, would 
induce 800 y-counts/min in the sodium from 
10 ml blood after only a 30 min irradiation. 
Thus, a means of doing a rapid sodium 


analysis could be present 24 hr/day, with 
minimal effort. 

Since activation analysis is essentially 
nondestructive, the specimen may be saved 
for other analyses, or kept for repeated 
activation investigations. After the sample 
has been rapidly analyzed for the more 
common electrolytes, it may be subjected to 
a high neutron flux, and trace elements 
studied. 

The medical applications of neutron 
activation analysis have not yet been fully 
determined. Minimal handling of the 
specimen, brief exposure time required, 
and adaptability to multiple sample types, 
make further study of the technique 
desirable. 


SUMMARY 


1. Neutron activation analysis, employing 
low flux intensities, can be adapted to the 
estimation of anions and cations in biologic 
specimens. Since a low neutron flux inten- 
sity is obtainable from Van de Graaff- 
beryllium sources and radium—beryllium 
systems, as well as nuclear reactors, the 
technique should be technically feasible for 
a number of laboratories. 

2. Following exposure of 10 ml serum to 


a flux of 2-5 « 108 neutrons/cm?/sec for | hr, 
fifteen radioisotopes are produced to the 
extent of 30 dpm or greater. These isotopes 
represent 8 cations (Na, K, Ca, Cu, Zn, Mg, 
Co, Mn) and 4 anions (Cl, Br, I, P). 
Methods of separating the isotopes by ion 
exchange columns, and distinguishing be- 
tween them by y- or /-spectrometry are 
discussed. 

3. Radiosodium (Na?) is the principal 


Na™ 23-8 x 10° 
10 
35:5 x 108 
160 100 
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y-emitting isotope produced in blood follow- 
ing neutron irradiation. Three schemes for 
its quantification are presented, including a 
procedure which may only take ten minutes 
to complete. The feasability of a 1 gm 
radium-beryllium neutron source (flux-10°® 
nicm?/s.c at lem) for the estimation of 
sodium in blood is presented. The technique 
makes a neutron source continually avail- 
able for hospital use, and sodium can be 
determined in blood in 30 min. 


Mitchell and E. Richard King 


4, Exposure of 1 gm of tissue to a low 
neutron flux will result in sufficient induced 
radioactivity to allow detection and quanti- 
tation of magnesium, potassium, phosphorus, 
sodium and chlorine. 

5. Application of the technique to ery- 
throcyte analysis was discussed, as well as 
its uses in studying feces, urine and other 
biologic samples. The employment of high 
neutron flux intensities in trace element 
estimation was also pointed out. 
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The Intensity of Gamma Radiation 
Emitted by a Cylindrical Source* 


E. E. KOVALEV 


(Received 14 November 1956) 


The intensity of y-radiation emitted by a cylindrical source is calculated both with and 
without allowance for self-absorption. An analytical expression involving only tabulated 
functions is obtained for the radiation yield from a non-absorbing cylinder in the radial 
direction. It may be applied to sources having appreciable self-absorption by the inclusion of 
a factor calculated in the second part of the paper. This self-absorption factor is tabulated for 
various absorption coefficients and for cylindrical sources of different height:diameter ratio. 


L’INTENSITE DU RAYONNEMENT y EMI PAR UNE 
SOURCE CYLINDRIQUE 


L’intensité du rayonnement y émis par une source cylindrique est calculée avec l’ajustement 
pour l’auto-absorption et sans cet ajustement. Une expression analytique comprenant 
seulement des fonctions tabulées est obtenue pour le débit de rayonnement qui provient 
d’un cylindre non-absorptif dans la direction radiale. Elle peut s’appliquer aux sources qui 
ont une auto-absorption considérable en y comprenant un facteur qui est calculé dans la 
deuxiéme partie de cette communication. Ce facteur d’auto—absorption est tabulé pour une 
variété de coefficients d’absorption et pour des sources de différentes proportions de hauteur 


a diamétre. 


UCTOUHURA 


PaccmoTpeHo ApMYeCKOrO MCTOUHHKA, B TepBOM 
HCTOUHMKAa, He a BO CaMmo- 
© 

TaOyMpOBaHHble BbIPAKeHHe MOPKHO [LIA pacueTa BbIxXOja 
Ta3aMH, HEKOTOPbIe y-HMCTOUHMKOB, HCTOUHMKOB Heii- 
TpOHOB HT. Ero MO#KHO K MCTOUHMKaM, 
yuera aToro BBectH PakTOp Bropoii crarpu 
NOCBAINEH pacuery PakTOpa Tlomayuen- 
B JlaHHble, B CTaTbe, MOryT ObITh B 
pacuerax BbIXOja M3 pH4eCKHX HCTOUHMKOB, LIMpOKO 


Ha pakTHke. 


* Translated by R. D. Lowpe from Atomnaya Energiya 2, 538 (1957). 
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DIE INTENSITAT DER y-STRAHLUNG EINER ZYLINDRISCHEN QUELLE 


Die Intensitat der y-Strahlung, die von einer zylindrischen Quelle emittiert wird, wurde mit 
bzw. ohne Beriicksichtigung der Selbstabsorption berechnet. Fiir die Strahlenausbeute in 
radialer Richtung, bei Vernachlassigung der Selbstabsorption in der Quelle, wurde ein analy- 
thischer Ausdruck erhalten, welcher nur tabellierte Funktionen enthalt. Diese Formel gilt 
auch bei Quellen mit betrachtlicher Selbstabsorption, sofern der Ausdruck mit dem im 
zweiten Teil der Arbeit berechneten Faktor fiir Selbstabsorption multipliziert wird. Es wird 
eine Tabelle angegeben, aus welcher dieser Selbstabsorptionsfaktor fiir verschiedene 
Absorptionskoeffizienten und fiir verschiedenes Durchmesser-Héhe-Verhaltnis derzylin- 


drischen Quelle abgelesen werden kann. 


IN CALCULATING the dose rate from a given 
source of y-radiation it is a very complicated 
matter to make proper allowance for all the 
factors involved. These include the energy 
spectrum of the radiation and the effects of 


multiple scattering in the source materials, 
which are not treated herein. The two 
sections which follow are devoted to the 
influence of self-absorption and of the shape 
of a cylindrical source. 


1. RADIATION FROM A NON-ABSORBING CYLINDRICAL SOURCE 


Despite the wide practical application of 
y-ray sources, no formula has yet appeared 
in the literature for the intensity emitted 
from a right circular cylindrical volume 
distribution of source material, even in the 
radial direction. Various authors“~*) have 
shown that even in the absence of absorption 
the intensity distribution is given by an 
integral which must in general be evaluated 
numerically. For points on the surface or 
on the axis of the cylinder, the integral 
simplifies and can be reduced to an analy- 
tical expression.";*) The dose rate produced 
at a general position in the plane of the base 
of the cylinder will now be derived. 

Consider the radiation received at the 


Fic. 1. A cylindrical source of y-radiation, showing the 
magnitudes involved in calculating the dose rate at a 
point A. 


point A in Fig. 1, an arbitrary distance b 
from the axis of the cylinder. The dose rate 
is 


= 
h (R dzp dp dd 
Pa 2? + p® + 6? — 2pb cos 


P,, is the so-called gamma-constant of the 
radioactive isotope, being equal to the dose 
rate at unit distance from a source of unit 
activity; g is the specific source strength. 
The remaining symbols refer to quantities 
illustrated in Fig. 1. On carrying out the 
integrations over ¢ and p, and thereafter 
integrating by parts, it is found that 


P, —Inh) —hIn2 + [h2 + R? 


— + + 5%) + (6? — R2)2] 


0 V2 222(R? + b*) 4 — R?)? 

0 rik 22?(} + (8? R)? 


Integrals of the type 


h 
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can be reduced to elliptic integrals F(¢, k) of or graphical procedures which have usually 


the first kind if the appropriate & fulfils the 
condition f? <1. In the present case 
k = 2y/(Rb)/(R + 6), so that this condition 
is satisfied whatever 6 and R. Thus 


l 
® 


with @ = tan-1[h/(b — R)]. The other inte- 
gral in (1), 
h 


2? + (b R)2 


The term 


+. ( 
n= 


can be expressed by means : an elliptic 
integral of the third kind, II(4,n,4), again 
under the condition k? < 1. Thus 


with n = —l. As it is inconvenient to 
employ the functions II, which have not been 
tabulated, we make use of the formula 


— E(¢,k) + (1 — (2) 


which gives II in terms of elliptic integrals 
E and F of the second and first kind 
respectively. Finally 


P, = =P. 


In 
(6 — RB) (6 + R) 


[tan —ksin?¢ — E(¢, (3) 


This expression contains tabulated functions 
only, and renders unnecessary the numerical 


been required hitherto. 

We now examine two particular cases: 
(i) 6 = R, so that the point of observation is 
on the surface of the cylinder, and (ii) 
b = 0, for which the point is on the cylinder 
axis. 


Case (1) Ifb = R, 


P, = 4 


Now it is obvious that the y-ray dose rate at 
a point on the surface of a cylindrical source, 
halfway along a total length H = 2h, is 
given by twice the above expression, namely 


Py = 2nP,qRO(h/R). (4a) 


(h/R) — oo, lim ®(h/R) = 2. This leads 
to a formula for the dose rate at the surface 
of an infinitely long cylinder :— 


= 4nP,gR. (4b) 


Equation (4b) can be used for the dose rate 
at a centrally placed position on the surface 
of a cylinder having /R > 10 with an error 
less than 5 per cent. 

The expression (4) can also be used to 
express the dose rate at any point in space 
on the infinite cylindrical surface of which 
the surface of the actual source forms a part. 
For example if the point be taken on the 
continuation of the actual surface a distance 
x away from the base of the source, 


(4c) 


At a point on the surface of the source itself, 
at a distance x from the base, 


(4d) 
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A further theorem follows from the fact 
that O(h/R) = (A/R) at (A/R) = 1-4. When 
this is the case, (4) becomes 

P Q 


= InP, gh = 


in which Q = 27?hq is the total strength of 
the source. This is equivalent to saying that 
the dose rate at a point halfway along the 
surface of a non-absorbing cylindrical source 
whose half-height and radius are in the 
ratio 1-4: 1 is the same as would be given 
by a point source of the same total activity 
at the centre. 
Case (11) 6 = 0 leads to 


Py = 7Pygh| In + tans |. 
R 
(5) 


By reasoning similar to that of the previous 


section a formula may be deduced for the 
intensity at a point along the axis, or along 
the continuation of the axis, at a distance x 
from the base of the source: 


R 


R R 
In(1 + a) +2 tan"! al}: 
(5a) 


Expressions of this type depend on an 
additivity rule that is justified insofar as 
self-absorption and multiple scattering are 
ignored in the present treatment. The same 
reasoning could also be applied to equation 


(3). 


2. THE INFLUENCE OF ABSORPTION 


With an extended source, the effects of 
self-absorption are generally important. 
However, the problem®:®” of taking them 
into account has not at the present day been 
satisfactorily resolved. In this section the 
influence of absorption occurring within a 
finite cylindrical source is expressed in the 
form of the ratio f of dose rates received at 
a given point with and without a proper 
allowance for it. Three assumptions are 
made: that the radioactivity is distributed 
uniformly throughout the source volume; 
that the y-radiation is monoenergetic; and 
that absorption in the source material can 
be represented by an exponential law. The 
last of these assumptions is equivalent to 
ignoring multiple Compton scattering. We 
continue to disregard multiple Compton 
scattering, as it complicates the analysis 
greatly. 


Let D and H = 2h be respectively the 
diameter and height of the cylinder, « being 
the absorption coefficient. At the origin O 
in Fig. 2 we erect a system of spherical co- 
ordinates x, 6, désuch that OS = x, OS, = x. 
Then the self-absorption factor for the point 
O is the ratio of the dose rate P at this point 
to the corresponding value P, that was 
calculated in §1 :— 


(6) 


On carrying out the integrations in the 
denominator, and that over x in the numera- 
tor, one obtains 


pri pal 
—= [ cos db dO 


+a 
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Fic. 2. Co-ordinates used in calculating the self-absorp- 
tion factor for the point O. 
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The finite height of the cylinder exerts an 
influence in (6) and (7) through the explicit 
dependence of the limit of integration 
x, = d) on 6 and ¢. 

To proceed, two cases must evidently be 
distinguished: < and ¢ > Here 
dy = tan! (H/2D) is the limiting azimuthal 
angle shown in Fig. 3. In the former case, 
the integration over x in (6) is to be carried 
out between the limits O and OS, of Fig. 2, 
so that x, = D cos 6 sec ¢. In the latter case, 
the integration over # may conveniently be 
divided into two parts: 9 < 4), and 6 > 4p, 
with 6, =cos-!(H/2D tan ¢). If 0 > 4, 


OS intersects the boundary of the source as 
before at a point on the curved cylindrical 
surface, so that again x, = Dcos@ sec ¢. 
On the other hand, if 6 < 4, the projection 
of OS intersects the upper plane end surface 


Taste |. The self-absorption factor f for a finite cylindrical source 


= 
| : 
< 
| | 
| 
VOL. 
3 c 0-25 | 050 | 0-75 | 1:00 | 1:25 | 1:50 | 1-75 | 200 | 2-25 | 2-50 a 
0 1000 1-000 1-000 1-000 1-000 1-000 1-000 1-000 1-000 1-000 1-000 
0-1 0-975 0-967 0-962 0-958 0:955 0-952 0-950 0-947 0-945 0-942 0-853 
0.2} 0-950 0-931 0-925 0-920 0-916 0-912 0-908 0-904 0-900 0-896 0-797 
0:3 0-931 | 0-903 0-892 0-884 0-878 0-871 0-866 0-863 0856 0852 0-753 
0-4 0-912 | 0-880 0-861 0-856 0:844 0-838 0-831 0-820 0-812 0-713 
0:5 0-893 0-852 0-832. (0-815 0-808 0-800 0-793 0-676 
0-6 0-875 0-832 0-811 0-800 «0-770 «0-754 0-744 0-640 
0-859 0-811 0-787 0-773 «0-758 | «0-730 (0-609 
0-8 0-841 0-790 0-766 0-750 «0-723. «0-700 «0-686 0-578 
0-9 0-824 0-771 0-743 (0-730 «0-698 «0-690 :0-673 0-666 0656 0-552 
1-0 0-809 0-752 0-724 «0-704 0-690 (0-676 «0-662 «0-648 
15 | 0-743 0-668 0-632 0-614 0:593 0-576 0-562 0-432 
2:0 0-688 0-604 0-558  0:532 0513 0-496 «0-461 
25 0640 0544 0-499 0-472, 0-454 0-437 0-418 0-312 
3-0 0596 | 0-496 0-449 0-421 0-404 0-386. 0-371 «0-355 0-340 (0327 0-274 
35 0-557 | 0-452 0-406 | 0377 0-343 0-329 0303 0-243 
4-0 0-527 | 0-417 | 0:370 | 0:339 | 0-324 0-308 0-294 0-260 0-217 
5-0 0-478 0-359 0-311 0-283, 0-266 0-252 0-242 0-231 0-223. 0-220. 0-179 
6-0 | 0-432 | 0-318 | 0-272 | 0244 0-225 0-212 0-204 0-196 0-191 0-152 
7-0 0395 | 0-286 0-239 0-212 0-195 0-184 0177, «0-170 0166 0-162 0-132 
8-0 | 0-364 0-258 0-212, 0-173. | 164 0-154 | 0-117 
9:0 0-336 0-231 0-191. 0-169 0-155 0-147, 1410-136 
«0-153 0-140 0-133. 0127, 0-123. 119. 
12 0-267 | 0-181 0-121. 0-106— 
14 0-232, «0156 0-129 «0-114. 0-105 0-095 0-092 «0-089 0.071 : 
16 0:200 0-137 0-112. «0100 :0-092 «0-087 (0-083. «0-080 0-078 (0-076 (0-062 
18 0-178 0-121 0-100 «0-074~— «0-071 0-068 
20 0-159 0-108 0-089 0-079 0-072 0-:068 0-066 0-063 0-063 0-062 0-049 
30 0-107 0-073 0-060 0-053 0-049 0-046 0-044 0-043 0-041 (0-040 0-033 
40 0-081 0-055 0-045 0-040 0-037 0-035 0-033. «0-032. «0-031 
50 0-065 0-044 0-036 0-032 0-030 «0-028 0027 0-026 0025-0024 
100 0-014. 0-013. «0-013. 
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of the source, and the upper limit of integra- 
tion over x must be written x, = 4H cosec ¢. 
Thus 


} cos . dh dO 
Jo Jo 
(2/2 pe 
cosd.e dd db 
0 Jo 


(9 
+{ | cosd.e dd 


do 


| cosd.e di. (8) 


and ¢y depend on H/D. 

The self-absorption factor ( appropriate 
to a centrally placed point on the surface of 
a cylindrical source has been computed from 
equations (7) and (8) for a number of values 
of H/D, with the result presented in Table 1. 
The detailed calculations bring out the 
following general points: 

(1) For a given value of wD the self- 
absorption factor diminishes with increase of 
H/D. This is due to the greater influence of 
oblique rays on the intensity at the higher 
values of H/D. For the same reason, an 
increase of «4D has a relatively greater effect 
at large H/D. 
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Fic. 3. Illustrating the limiting angles 0, and dp. 


(2) At H/D is increased indefinitely at 
constant “D, ftends to the value appropriate 
to an indefinitely long cylinder given in the 
last column of the table. The figures show 
that the result for H/D = o can be employed 
for cylinders of H/D > 2:5 for practically all 
uD with an accuracy of 5 per cent, (if a 
conversion is made to allow for the difference 
in purely geometrical factors). 

(3) The region in which f= 1 and self- 
absorption can be ignored covers a greater 
range of ~D for the smaller values of H/D. 
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Aqueous solutions of methylene blue sealed in glass ampoules have been exposed to y-radiation, 
stored at different temperatures and checked periodically for dye retention for a period of 
2 months. The results obtained show that the dye destruction proceeds after irradiation and 
at a rate dependent on the storage temperature. Parallel tests conducted with non-irradiated 
samples show small losses of dye, of the order of the experimental error. 

Another set of experiments using electron beams revealed no practical differences in the 
extent of dye destruction when the temperature during the irradiation process was varied 
from 45 to 150°F. 

Some practical recommendations are given in order to attain a good degree of repro- 
ductibility when using the methylene blue as a radiation dosimeter. 

In summary also, it may be stated that this dosimeter is of value for routine evaluation of 
electron and y-ray beams for: 

(1) It has a first order dose response which is linear to at least 6 x 10® rep (using a 1000 

mceg/ml solution from 1 10° to 6 108 rep). 

(2) It is easily measured using common laboratory colorimeters. 

(3) It is temperature independent above the freezing point of water. 

(4) It is stable for 1 week at refrigerator temperatures. 


ETUDES DE L’EMPLOI DES SOLUTIONS AQUEUSES DU BLEU DE 
METHYLENE POUR LE DOSAGE DES FAISCEAUX INTENSES DES 
RAYONNEMENTS AUX ENERGIES ELEVEES 


Des solutions aqueuses de bleu de méthyléne enfermées hermétiquement dans des ampoules 
de verre ont été exposées a la radiation y, a de différentes températures, et examinées 
périodiquement pour la retention de la teinture durant une période de 2 mois. Les résultats 
obtenus indiquent que la destruction de la teinture prend lieu aprés l’irradiation et avec une 
vitesse qui dépend de la température a laquelle les ampoules ont été conservées. Des essais 
faits en paralléle sur des échantillons non-irradiés montrent de petites pertes de teinture, de 
Vordre de l’erreur expérimentale. 

Une autre série d’expériences employant des rayons d’électrons n’indiqua aucune différence 
signifiante dans la gravité de destruction de la teinture quand la température variait de 45 
a 150°F pendant le procédé d’irradiation. 

Des conseils praticables sont donnés afin d’atteindre un bon degré de réproductibilité 
lorsque le bleu de méthyléne s’emploie comme dosimétre de radiation. 

Pour résumer, aussi, peut-on dire que ce dosimétre est de valeur pour |’évaluation en fagon 
routine des faisceaux d’électrons et de rayons y, pour les raisons suivantes :— 

(1) Il posséde une réponse a dose de premiére ordre qui est linéaire jusqu’a 6 « 10° rep 
au moins (utilisant une solution de 1000 mcg/ml. de 1 « 10° a6 108 rep). 

(2) Il se mesure facilement par l’emploi des colorimétres ordinaires de laboratoire. 

(3) Il est indépendant de la température au dessus du point de gel d’eau. 

(4) Il est stable pendant | semaine aux températures des réfrigérateurs. 
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HEROTOPHBIE UCCIEXOBAHUA TO 
METILIEHOBOLO BOTO B RAYECTBE JJOSUMETPA 
BbICOROM MW MHTEHCUBHOCTU 
Boguble pacTBOpbl MeTH.1eHOBOrO TOTYOOrO B CTCKIAHHBIX AMITY.1aX, MO Be- 
pruyTble COXpaHAIUCh TemMlepaTypax C 
creneHi COxXpaHHOcTH KpacuTedA B TeveHHe 
CKOPOCTh 3aBMCHT OT TeMMepaTypbl B KOHTPOAbHBIX OMbITAX 


remllepatypbl B mpomecce oOayyennaA oT 45 150° B cTeneHn 


KpacnreaA He 
Jlanbl HeKOTOpbie TO XOpolleli 


y-yuelt 9TOT 3UMeTp MMeeT 
(1) On K KOTOpAaA JIMHeliHa 110 Kpaiinett 
mepe 106 pad (pH pacTBopa B 1000 Kr/Ma oT 1 x 10706 x 108 pad). 
(3) TemnepatypHad 3aBMCHMOCTD TOUKM 3aMep3aHHA BObI He 
(4) Ilpu remneparypax OH CTAOMIeH B TeYeHHe 


WEITERE UNTERSUCHUNGEN UBER DIE VERWENDUNG VON METHYLEN- 
BLAU IN WASSRIGER LOSUNG ALS DOSIMETER FUR INTENSIVE VOl 
HOCHENERGETISCHE STRAHLUNG 3 


Wassrige Lésungen von Methylenblau in abgeschmolzenen Ampullen wurden y-bestrahlt, 
bei verschiedenen Temperaturen gelagert und in regelmassigen Zeitabstanden insgesamt 2 
Monate hindurch beziiglich ihrer Farbretention untersucht. Die erhaltenen Resultate zeigen, 
dass Farbverluste auch nach Beendigung der Bestrahlung fortschreiten und dass die Geschwin- 
digkeit dieser Veranderung von der Lagerungstemperatur abhangt. Parallelversuche mit 
unbestrahlten Proben zeigen nur geringe, innerhalb der Fehlergrenze verlaufende Farbverluste. 

Eine andere Versuchsreihe, bei der die Bestrahlung mit Elektronen durchgefiihrt wurde, 
zeigte praktisch keine Unterschiede im Ausmass des auftretenden Farbverlustes, die Temperatur 
wahrend des Bestrahlungsprozesses wurde zwischen 40 und 150°F variiert. 

Es werden einige praktische Hinweise zur Erzeugung gut reproduzierbarer Werte bei 
Verwendung von Methylenblau als Dosimeter angegeben. 

Zusammenfassend kann folgendes iiber die Verwendbarkeit dieses Dosimeters zur routine- 
massigen Bestimmung von Elektronen- und y-Strahlung festgestellt werden: 

(1) lineare Anzeige bis mindestens 6 x 10° rep (bei Verwendung von 1000 mcg/ml Lésung 

zwischen | und 6 x 108 rep). 

(2) Messbarkeit mit den tiblichen Laboratoriumskolorimetern. 

(3) Temperaturunabhangigkeit oberhalb 0° Celsius. 

(4) Stabilitat wahrend einer Woche bei Kiihlschranktemperatur. 


In THE studies dealing with the preservation methylene-blue.® The first two methods 
of foods with ionizing radiations, doses from are usually considered more accurate than 
about 2 x 10% reps up to greater than the last one, but they require more expensive 
3 x 10° reps are commonly used. Adequate equipment and much more careful appli- 
methods for assessing these high levels ofradi- cation, in order to obtain good _ repro- 
ation are obviously of primary importance. ductibility. 

After more than 10 years of experience Since the development of the methylene- 
in this field, the three following methods _ blue dosimeter by PRocror and GoLpB.iTH®) 
seem to be generally accepted as most extensive application of it has been made in 
satisfactory for rou‘'» chemical dosimetry this laboratory due to its simplicity of use 
work: ferrous-ferric,''”) ceric-cerous,‘**) and and measurement, and it has proved to be 


Methylene blue in aqueous solution 


very useful for routine work. This fact has 
encouraged a further exploration into the 
extent of its practical usefulness, its possi- 
bilities and limitations. 

The present paper describes the results 
obtained relating to the pre- and _post- 
irradiation stability of aqueous solutions of 
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methylene blue as a function of time 
(up to 7 weeks) and temperature of storage 
(37°F, 70°F, 98°F, and 150°F) and the 

effects of temperature during the irradia- 

tion process (0°F, 45°F, 70°F, 98°F, and 

Sia ) on the retention of methylene 
ue. 


EXPERIMENTAL 


(a) Effect of post-irradiation storage 

A total of 300 glass ampoules having a 
5 ml capacity were filled with 2 ml aliquots 
of aqueous solution of dye (100 mcg/ml) and 
sealed with an oxygen flame. Half of these 
were exposed to gamma radiation using the 
M.I.T. Kilocurie Cobalt-60 source with a 
constant calculated dose of 2 x 10° reps 
given to each batch of 9 ampoules irradiated 
at a time. 

Equal amounts of irradiated and non- 
irradiated ampoules were stored in constant 
temperature rooms at the temperatures 
already mentioned, and _ representative 
samples were analyzed for dye content 
before and immediately after irradiation 
(within 2 hr) and at weekly intervals during 
the storage period. 

A Lumitron photoelectric colorimeter, 
Model 400-A, provided with a 650 wm 
filter was used in the measurements of dye 
retention. 


(b) Effect of temperature during the irradiation 
process 
When studying the effects of temperature 


during irradiation, 1 MeV cathode rays 
from a G.E. resonant transformer were used; 
the penetration of an electron beam of this 
energy level is estimated at 3 mm in water. 


RESULTS AND 


(a) Storage tests 

A sharp difference has been found between 
the non-irradiated and the irradiated samples 
(Fig. 1 and Tables 1 and 2). This illustrates 
clearly that although a general tendency 
toward a decrease in the concentration of 
dye can be observed in both cases, the loss 
of dye in the case of the non-irradiated 


Petri dishes (bottom only) filled with 
5 ml of dye solution provided adequate 
liquid thickness and were found to be 
appropriate for this type of experiment. 

In order to keep the temperature of the 
methylene blue solution constant during the 
irradiation process, a device was set up 
consisting of a rectangular tin box (8 in. x 
6in. < 3in.), thermally insulated, with no 
cover, fitted with a wire-gauze hanger able 
to hold two dishes, and in such a fashion 
that the upper edge of the dishes was at 
tin. from a polyethylene film (0-0015 in. 
thick) used to cover the box during the 
irradiation process. By filling the box with 
water (or ethyl alcohol when dealing with 
frozen samples) at a proper temperature up 
to a level corresponding to half the depth 
of the dishes, the desired temperature could 
be maintained within a range of +3°F for 
10 min. This interval of time was more than 
sufficient to carry out the irradiation exposure. 

A constant nominal dose of 2:5 » 10° reps 
delivered at the rate of 10° reps/sec was 
used throughout all the tests performed 
with the electron accelerator. 

Special care was taken in order to maintain 
constant conditions insofar as the operating 
settings of the machine and _ irradiation 
geometry were concerned. 


DISCUSSION 


ampoules is within the experimental error 
in almost every set of conditions tested, 
whereas the decrease in dye content is very 
noticeable in the irradiated samples amount- 
ing to more than 30 per cent when they 
were stored at 125°F for a period of 7 weeks. 
However, from the practical point of view 
of using the methylene blue as a radiation 
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Fic. 1. Effect of storage temperature on stability 
of aqueous solution of methylene blue. 
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dosimeter, a delay of weeks, or even of days, 
in analyzing the ampoules for dye retention, 
is unusual. Ifthe colorimetric determination 
is carried out within a few hours after 
irradiation, and this is the situation most 
encountered, the methylene blue remains 
stable at normal temperature confirming 
the observations of GoLpBLITH, PRocTorR, 
and The same conclusion 
may be reached by properly extrapolating 
the results of these storage tests at 70°F 
(Fig. 1). Similarly, it may be concluded 
that if the analysis of the irradiated samples 
is accomplished within a time interval of 
about 24 hr, the accuracy attainable in the 
radiation dose measurement will be suffi- 


ciently satisfactory for practical purposes 
in the field of food irradiation. However, 
it is advisable to store the irradiated ampoules 
at refrigerator temperatures whenever it is 
not possible to run the analyses the same day. 

The stability observed in the non- 
irradiated samples is also of significance for 
routine application, for it suggests the 
possibility of preparing large numbers of 
ampoules at one time for the dosimetry 
work planned for a period of time of one or 
two months. 

It is interesting to observe that not only 
is methylene blue irreversibly destroyed by 
ionizing radiations’) but that the destruction 
process does go on to some extent after the 
irradiation treatment, and that the degree 
of post-irradiation effect is influenced by 
temperature. Although the storage tests 
have been, for practical reasons, discon- 
tinued after the seventh week, the slopes of 
the curves in Fig. | clearly indicate that the 
destruction of the dye must probably proceed 
up to higher levels after longer periods of 
storage. In this connection, it is worthwhile 
to mention that from experience gained in 
this laboratory, there appears to be some 
sort of evidence of some chain reaction 
mechanism being involved in the _post- 
irradiation effects observed in some foods.‘” 
A similar mechanism could explain the 


Tasie 1. Effect of storage temperature on the stability of non-irradiated aqueous solutions of methylene blue? dye 


Temperature 
( 
CF) 
35 Dye retention (%)? 100-0 
Standard deviation 1-9 
70 Dye retention (%)? 100-0 
Standard deviation 1-9 
98 Dye retention (%)? 100-0 
Standard deviation | 1-9 
125 Dye retention (%)? 100-0 
Standard deviation 1-9 


Time of storage (weeks) 


] | Z 3 5 7 

99:5 101-0 101-4 100-5 98-6 

0-4 2:8 2-4 
99-0 97-6 98-6 100-5 99-5 

1-3 1-2 3-1 is. | 2-4 
98-7 100-5 99:5 99:5 98-6 

2-4 0-7 3-8 22 1-8 
100-0 97-1 98-6 | 96-7 97-1 

2:1 3-0 31 0-8 


Tnitial concentration: 100 mcg/ml. 
® Average of six samples. 


25°F 
35°F 
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Tasie 2. Effect of storage temperature on the stability of irradiated aqueous solutions of methylene blue* dye 


Temperature | 
(°F) 


35 | Dye retention (%)? 59-3 
_ Standard deviation 1-6 


Dye retention (°%)? 
Standard deviation 


Dye retention 
Standard deviation 2-6 


Dye retention (°%)* 59-4 
Standard deviation 2-6 


Time of storage ( weeks) 


2 3 a 7 
97-3 
24 | 1-6 


94-2 98.3 922 906 


| 
| 
| 


87-4 88-6 86-5 | 82-4 | 82-8 
2-0 1-3 | 10 | 


79-5 81- 
3-0 


“Initial concentration: 100 mcg/ml; irradiation dose 2 x 105 reps. 


’ Data of 0 week referred to the initial content before irradiation. Other data referred to the content just after irradiation 
All data reported herein represent the average analysis of six samples. 


results obtained in the storage test reported 
herein. 

It has also been observed in this work 
that a blue-black precipitate was formed 
in the ampoules stored at 125°F ; No precipi- 
tate was observed in the other parallel 


tests conducted at lower temperatures. 


(6) Effects of temperature during the irradiation 
process 

When these experiments were begun, 
some inconsistencies were observed in com- 
paring the results obtained between some 
tests run under the same conditions but on 
different days. These differences could be 
attributed to (a) a poor degree of accuracy 
of the methylene-blue dosimeter, (b) to 
Variations in the output of the electron 
accelerator from day to day, or (c) to both. 
By running duplicate series of tests during the 
same irradiation session and taking special 
precautions in the determination of the 
methylene blue content following irradiation, 
highly consistent results have been obtained 
and hence the variations formerly observed 
could be attributed to the already mentioned 
behaviour of the machine. 

Due to these facts, and in order to make 
comparable the data obtained under different 
irradiation temperatures, a control was 
irradiated at normal temperature conditions 


(~70°F) immediately after running each 
test at the desired temperature, except when 
the irradiation was conducted at 0°F ‘ 

In this connection, the data reported in 
Table 3 obtained over a period of one month, 
show that although some differences can 


Tasie 3. Effect of temperature during the irradiation 
process on the retention of methylene blue* in aqueous 


solution 
Irradiation Dye Standard 
temperature retention? deviation 
(°F) (%) (a) 
150 48-0 25 
70 48-4 1-3 
150 49-6 1-8 
70 49-9 1-6 
98 51-4 2-4 
70 0-8 
45 51-0 2:5 
70 50-9 1-6 
0 98-3 0-1 
0 98.3 0-2 


“ Initial concentration 100 mcg/ml; nominal irradiation 
dose 2:5 x 105 rep. 

’ Each figure represents the average value of six irra- 
diated ampoules. 


0 
6 ry 
| 5 
| 1:8 | 
| 
| 2 78-7 74-5 68-6 
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be observed when comparing the results 
obtained at different temperatures, however 
there are no practical differences between 
each test and the respective control run at 
the ambient laboratory temperature. 

The general conclusion one can draw 
from these results is that the degree of 
methylene blue destruction is practically 
not affected by changing the irradiation 
temperature from 45 to 150°F, at least 
when the irradiation process is carried out 
in a short period of time (of the order of 
seconds) as is usual when working with 
electron accelerators. However, at 0°F, in 
the frozen state, methylene blue is unaffected 
by radiation. 

These results are obviously of significance 
when considering the possibilities of the 
methylene blue as a radiation dosimeter. 

It is common practice in routine work in 
these laboratories with electron-beam irradi- 
ation to insert some petri dishes with 
methylene blue solution, as dosimeters, on 
the conveyor between the samples to be 
irradiated. 

In this manner, it is possible to obtain 
fairly good dosimetry using electrons from 
particle accelerators in spite of relatively 
long-time fluctuations in the beam charac- 
teristics. 

The high percentage of dye retention 
observed at O0°F is in agreement with what 
we could expect under frozen conditions, 
because in that case the dye is destroyed by 
direct action; i.e., the target theory applies 
in this latter case. 
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(c) Reproductibility 

There is one important factor often 
overlooked when running dosimetry work 
with methylene blue. This relates to the 
adsorption of dye on the glass walls. It has 
been found here that the possible error due 
to this factor may be, in some extreme 
situations, higher than 8 per cent. In this 
connection it is strongly recommended: 

(1) To include at least one rinsing of 
glassware with acid cleaning solution 
in the washing procedure. 

To use the same dilution “geometry” 
(ratio of volumetric flask wall surface 
to volume of dilution) when accurate 
comparisons are intended. 

Whenever possible, avoid rinsing the 
colorimeter tubes with the solution to 
be measured, by using dry tubes. 

All these precautions have been taken 
specifically in the study of the influence of 
temperature during the irradiation process, 
and the results of Table 3 already discussed 
show evidently that a very satisfactory 
reproductibility can be attained with the 
methylene blue dosimeter. 

It should also be pointed out here that 
methylene blue dye powder varies in purity 
from lot to lot and a calibration should be 
run on any particular lot of dye and this 
calibration will serve for this particular lot. 

It has been the practice in these labora- 
tories to purchase a pound or two of the 
same lot of dye, calibrate it using the M.I.T. 
Cobalt-60 source, and then utilize this dye 
lot for electron beam dosimetry. 


(2) 


(3) 
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The responses of three types of silver phosphate glass dosimeter to X- and y-radiation show 
a small energy dependence effect over the energy region, 1:26 to 24 MeV. Dosimeters in the 
form of thin glass plates exhibit a greater response to low energy X-rays. Increasing the size 
of the glass element reduces this energy dependence. Other investigators have found that by 
placing suitable lead filters about the glass, the response of the dosimeters was reasonably 
energy independent over the range 100 keV to 1 MeV. It has, however, been found that the 
lead filters cause phosphate glass dosimeters to show a high response to X-rays of several MeV 


in energy. 


DEPENDANCE SUR L’ENERGIE DES DOSIMETRES A 
PHOSPHATE D’ARGENT/VERRE 


Les réponses des trois espéces de dosimétre verre-phosphate d’argent aux rayonnements 
X et y indiquent un petit effet de dépendance sur l’énergie, dans la rangée d’énergie 1,26 
a 24 MeV. Les dosimétres ayant la forme de minces plaques de verre montrent une plus 
forte réponse aux rayons X de petite énergie. 

Augmentation de la grandeur de |’élément de verre diminue cette dépendance sur |’énergie. 

D’autres rechercheurs ont trouvé qu’en posant autour du verre des filtres de plomb con- 
venables la réponse des dosimétres était assez indépendante de l’énergie dans la rangée 100 
KeV a 1 MeV. Cependant il se trouve que les filtres de plomb produisent dans les dosimétres 
phosphate-verre une réponse exagérée aux rayons X d’une énergie de plusieurs MeV. 


8ABUCUMOCTb UVBCTBUTEJIBHOCTHM CTERJIAHHbBIX JO3MUMETPOB, 
DOCMAT CEPEBPA, OT JHEPrUM 


UyBCTBUTebHOCTh TpeX THMOB CTCKIAHHBIX JO3MMeTPOB, cepedpa, 
K peHTTeHCBBIM J1yu¥aM M K OOHapyskuBaeT 3aBMCHMOCTb OT 
aHeprun B oT 1,26 qo 24 mos. B (OpMe TOHKUX CTeK.IAHHBIX 
B HHTepBate 100 MoB. Ojnako HaliqeHO, YTO CBHHIOBbIe CHIIbHO 
NOBLIMAIOT JLO3MMeTPOB C (ocaTHbIM CTEKIOM K PeCHTPeHOBBIM C 
B HECKOJIBKO MOB. 
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DIE ENERGIEABHANGIGKEIT VON SILBERPHOSPHATGLAS-DOSIMETERN 


Die Anzeige von 3 verschiedenen Typen von Silberphosphatglas-Dosimetern zeigt im 
Energiebereich von 1,26 bis 24 MeV eine geringfiigige Energieabhangigkeit. Dosimeter in 
Form von diinnen Glasplatten besitzen eine gréssere Empfindlichkeit fiir niedrige Ront- 
genenergien. Eine Vergrésserung des Volumens des Glasteiles setzt diese Energieabhangigkeit 
herab. Andere Autoren fanden, dass geeignete Bleifilter auf dem Glas im Bereich von 100 
keV bis 1 MeV praktisch Energieunabhangigkeit bewirken. Es hat sich jedoch herausgestellt, 
dass Bleifilter bei Energien von mehreren MeV eine starke Vermehrung der Anzeige 


verursachen. 


INTRODUCTION 


DuriInG recent years silver-activated phos- 
phate glass has been considered for use as 
an X- and y-ray dosimeter. Among other 
things, it is known that if the glass is irradiated 
with X- or y-rays and is subsequently 
illuminated with ultraviolet light, it emits an 
orange-colored fluorescence. ‘The amount of 
fluorescence induced depends on the photon 
energy of the X- or y-rays, the curve of 
fluorescent yield vs. effective X-ray energy 
showing a maximum at about 50 keV. The 
curve flattens out at about 200 keV and 
remains level up to 1-25 MeV. The ratio 
of the yield at 50 keV to the yield at 200 keV 
is about 15 : 1.4-4) The energy dependence 
from 80 keV to 1 MeV can be decreased to 
about +20 per cent by using a metal filter; 
for example, 1 mm of lead.:5) Since this 
amount of lead severely attenuates the low- 


energy X-rays, the fluorescent yield of the 
phosphate glass would be low in this energy 
region. To compensate for this attenuation, 
a small hole, about 2-3 mm in diameter, 
is left in the centre of the lead filter, thereby 
increasing the fluorescence in the 80-100 
keV energy region.'>) 

In view of the interest in the energy 
dependence of this type of material, three 
phosphate glass dosimeters were tested, using 
a Co®® source and a betatron with 24 MeV 
peak energy (13 MeV effective energy). 
The dosimeters were: (i) unpolished 
1x 1x 0-2cm glass plates; (i) USS. 
Naval Radiac Detector DT-60°PD; (iii) 
samples of an A.E.R.E. dosimeter under 
development by G.E.C. Wembley for the 
Atomic Energy Research Establishment in 
Great Britain. 


DESCRIPTION OF DOSIMETERS AND READERS 


(a) The 1 x 1 x 0-2 cm glass plates 

These plates were cut from large pieces of 
glass, obtained from Bausch and Lomb Co., 
containing 4, 8, and 12 per cent silver meta- 
phosphate respectively. ‘They were smoothed 
with sandpaper, washed in distilled water, 
rinsed in reagent acetone and stored in an 
envelope in the dark. 

In the reader (Fig. 1) the ultraviolet light 
passed through a Corning No. 5860 ultra- 
violet pass filter and was focused by a curved 
mirror on the glass sample. The fluorescence, 
directed upwards through an orange pass 
filter, was focused on a 1P28 photomultiplier 
tube by a short focal-length lens. The photo- 


tube operated at a potential of 800 V. The 
photo-current was measured on a galvano- 
meter having a sensititivy of 0-0014 wA/mm 
scale deflection. A uranium glass standard 
was used to check the photomultiplier output 
so that the voltage on the photomultiplier 
could be varied to compensate for variations 
in the output of the ultraviolet lamp. 


(b) U.S. Naval Radiac Detector DT-60/PD 
This dosimeter has been described by 
ScHULMAN é¢ al. Itusesa3/4 x 3/4 x 3/16 
in. rectangular parallelepiped of silver- 
activated phosphate glass set in a waterproof 
plastic case. The glass element, in the 
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assembled dosimeter, is sandwiched between 
two lead filters 0-046 in. thick with a 0-107 
in. diameter hole in the center. This is done 
to correct for energy dependence of the glass. 

The reader used to determine the response 
of the irradiated glass was the Radiac Com- 
puter-Indicator CP-95 A/PD shown in Fig. 2. 
The base of an opened dosimeter fitted into 
the sample drum which could be moved by 
a lever to either one of the two positions. 
In the “load”’ position, the manganese glass 
standard could be illuminated by ultraviolet 
light and the fluorescence caught by a photo- 
multiplier tube. The dosimeter base could 
then be inserted into the drum. Rotating the 
drum to the “read” position allowed the 
dosimeter to be read while it now occupied 
the position formerly held by the standard. 
The indicated dose was read on a micro- 
ammeter calibrated to read directly in roent- 
gens. The calibration was made in such a 
way that the unirradiated dosimeter gave a 
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zero roentgen reading, thus eliminating the 
need to correct for pre-dose fluorescence. A 
range selector switch the allowed use of two 
scales, 0-200 and 0-600 r. The two scales 


agreed to within 5 r. 


(c) The A.E.R.E. silver phosphate glass dosimeter 


The A.E.R.E. dosimeters were unpolished 
1 cm cubes of silver phosphate glass wrapped 
in a 1 mm thick lead filter. This filter had a 
2.mm hole over the center of each face. 

The reader (Fig. 3) was essentially the 
same as the two discussed above.'® The 
cubes were rotated into reading positions by 
a bakelite disc notched with six slots. The 
cubes fitted into these slots so that all but one 
side and the top were covered. The photo- 
multiplier tube was operated at about 900 V, 
the power supply being ten 90 V dry 
batteries. The photocurrent was read directly 
on a 10 wA full-scale microammeter. An 
irradiated glass cube was used as a standard. 


IRRADIATION OF DOSIMETERS 


(a) Cobalt-60 1-25 MeV irradiations 

The 1000 c teletherapy Co®® unit used for 
the irradiation of the A.E.R.E. dosimeter is 
described by Jouns ef al. A 10 x 10 cm 
irradiation field was used at a point 80 cm 
from the source. The dose rate at the center 
of the field at this point was about 20 r/min. 
The cobalt unit, calibrated by the National 
Research Council of Canada, was used to 
calibrate a 25 r Victoreen chamber which in 
turn was used to measure the dose rate for a 
1-2 c cobalt-60 unit and a 24 MeV betatron. 
In the Co®® irradiations, the 10 « 10 cm 
field was focused on an 11-5 cm lucite cube 
(Fig. 4) in which the A.E.R.E. dosimeter was 
so placed that it was in the center of the field 
with 3 mm of lucite between it and the source. 

A 1-2 c Co®® unit was used to irradiate the 
1 x 1 x 0-2 cm glass plates and the U.S. 
naval dosimeter. The unit has been des- 
cribed by Hume.) The glass plates were 
placed in a lucite ring about the source so that 
the distance from plate to source was 3 cm. 
The plane of the face of the glass plate was 
perpendicular to the direction of the imping- 
ing photons. The dose rates at the positions 


normally occupied by the plates were deter- 
mined with the calibrated Victoreen r-meter 
and are correct to 2 per cent.'® The dose rates 
were about 12 r/min for each plate position. 

A lucite cell with walls 1 cm thick and a 
window 3 mm thick was used to hold the 
U.S. naval dosimeter during irradiation. 
The distance from the center of the 1-2 c 
Co®® source to center of the dosimeter was 
4-8 cm. The dose rate of 5-2 r/min. was 
determined with the calibrated Victoreen r- 
meter. In taking the measurements, the 
thimble chamber was placed in the position 
normally occupied by the center of the dosi- 
meter. Parts of the cavity not filled by the 
thimble chamber were filled with lucite. 


(b) Betatron 24 MeV p wrradiations 

The characteristics of the 24 MeVp beta- 
tron X-radiation have been described by 
Jouns et al... The X-ray beam was used 
unfiltered at a distance of one meter from 
the target, the field at this point being about 
15 x 15 cm. The dose rate was about 100 
r/min as measured with the calibrated 
Victoreen r-meter, the thimble chamber 
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being at the center of an 11-5 cm lucite cube. 
When operating, the betatron induces an 
ionization current in a monitor placed in the 
X-ray beam. The current charges a con- 
denser which operates a counter and a relay 
when its potential reaches a predetermined 
value and the condenser is charged with an 
audible “‘click’’. Thus each “click” repre- 
sents a definite radiation dose which has passed 
throughthe monitor. Thedoserate per “click” 
was measured with the Victoreen r-meter. 
Doses cannot be prescribed with as great 
an accuracy with the betatron as with the 
cobalt units, because of the effects of dosage 
gradients across the beam, effects of high- 
energy radiation on the dielectric in the con- 
denser chamber variations in output with 
time, etc. However, the dose measurements 
madeare probably correct to within 5 per cent. 


(c) 140 kVp zrradiation 

The 140 kVp. General Electric KX-10 
X-ray machine (5 mA, | mm Al filter, 
H.V.L. = 3-25 mm Al) used to irradiate the 
U.S. naval dosimeter was calibrated by the 
Saskatchewan Cancer Commission with a 
new Farmer standard. This standard has 
recently been calibrated by the Victoreen 
Instrument Co., Cleveland, and agreed with 
Victoreen 25 and 100 r chambers on the 
1000 c Co®® teletherapy unit and on the 140 
kVp X-ray machine. 

The irradiations were carried out using a 
7 cm diameter circular field with a target-to- 
dosimeter distance of 25 cm. The output in 
air with this arrangement was 84-7 r/min. 
The dosimeters were suspended in the field 
by strips of transparent tape. 


ENERGY DEPENDENCE 


X-ray dose, R 


Fic. 5. Response of | x 1 x 0-2 cm glass plates, contain- 

ing various amounts of silver metaphosphate, to 1-25 MeV 

Co® »-radiation. @ 8 per cent AgPO;; © 12 per cent 
AgPO;; 4 per cent AgPO3. 


(a) The 1 x 1 x 0-2 cm glass plates 


Figs. 5 and 6 compare the responses of the 
glasses, containing 4, 8 and 12 per cent 
silver phosphate, to 1-25 MeV Co®® y-radia- 
tion and 24 MeVp X-radiation. In each 


case, the Co®® irradiated glass showed a 
higher response for a given dose than the 24 
MeVp irradiated glass. For glasses contain- 


ing 8, 12 and 4 per cent silver phosphate, the 
differences are 31 per cent, 26 per cent and 
23 per cent respectively. This difference 
could be due to the small mass of glass 
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Fic. 6. Response of | x 1 x 0-2 cm glass plates, contain- 
ing various amounts of silver metaphosphate, to 24 MeVp 
(13 MeV effective) betatron X-radiation. @ 8 per cent 
AgPO,;; © 12 per cent AgPO;; xX 4 per cent AgPO3. 
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Fic. 2. U.S. Naval Radiac Computer-Indicator CP-95 A/PD. 
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Fic. 3. Reader for the A.E.R.E. phosphate glass dosimeter. 


Fic. 4. The 11-5 cm cube lucite irradiation block. 
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Without lead filter 


100 200 300 400 500 600 
X-ray dose, R 


Fic. 7. Response of the A.E.R.E. phosphate glass dosi- 
meter to different X-ray energies. © 24 MeVp (13 MeV 
effective) betatron X-rays; @ 1:25 MeV Co® y-rays; 
response of dosimeter to 24 MeVp and 1:25 MeV X- and 
y-radiation without the lead filter. 


irradiated and the lack of high atomic 
number filters. The filters would increase 
the number of secondary electrons produced 
at high energies by pair production and 
increased photoelectric effect. The 8 per 
cent silver phosphate glass has an effective 
atomic number for pair production of 17.‘° 
Thus an increase in the mass of the glass 
irradiated would also cause an increase in 
secondary electrons emitted from the glass, 
hence an increase in fluorescence when 
irradiated in the energy region where pair 
production takes place. This is shown by the 
other two dosimeters which have both a 
larger glass element and high atomic 
number filters next to the glass. 


(b) The A.E.R.E. dosimeter 

Fig. 7 shows the response of the A.E.R.E. 
phosphate glass dosimeter to 1:25 MeV y- 
and 24 MeVp X-radiation. The responses 
are in the reverse order to that for the glass 
plates, the responses to 24 MeVp being 23 
per cent greater than for the 1:25 MeV. 
This may be expected because of the extra 
secondary electron emission from the lead 
filter resulting from pair production and 
photoelectric effects. This suggestion is veri- 
fied by the results in Fig. 7 which shows 
that there is no energy dependence when the 
glass is irradiated without the lead filter. 
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Comparison of the response of the unfiltered 
A.E.R.E. dosimeter, Fig. 7, to that of the 
1 x 1 x 0-2 cm plates, Figs. 5 and 6 shows 
the effect of increasing the size of the glass 
element. Where the glass is a thin plate, the 
response to 24 MeVp was lower than for 
1:25 MeV, but with increased size, the 
responses to 24 MeVp and 1-25 MeV ap- 
proach one another. 


(c) The U.S. Naval Radvac Detector DT-60/PD 


As in the case of the A.E.R.E. dosimeter, 
the results in Fig. 8 show that the response cf 
the Radiac Detector to 24 MeVp X-rays 
was greater than that to 1-25 MeV y-rays 
by 35 per cent. It was also 72 per cent 
greater than that to 140 kVp X-rays. 

The low sensitivity at low energies is due 
to the design of the dosimeter. The glass is 
sandwiched between two lead filters so that 
low-energy X-rays are severely attenuated. 
This is verified by the fact that when the 
dosimeter is irradiated edge-on, the response 
is about 350 per cent greater than when 
irradiated from the front. It should be 
remembered, however, that the response of 
an unfiltered dosimeter to 140 kVp X-rays 
would not be as great as that shown by the 
edge-on irradiated dosimeter because of the 
contribution made to the response by the 
scattered radiation from the lead filters on 
either side of the glass element. 
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Fic. 8. Response of the DT-60/PD glass dosimeter to 

various X-ray energies. X 24 MeVp (13 MeV effective) 

betatron X-rays; @ 1:25 MeV Co® y-rays; O 140 kVp 
X-rays. 
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CONCLUSION 


The foregoing results indicate that phos- 
phate glass dosimeters show a small energy 
dependence in the 1-13 MeV effective (24 
MeVp) energy region. However, for an 
accurate dosimeter measuring over the 
energy range of 100 keV to several MeV care 
must be taken in the choice and design of 
filters and glass elements so as to minimize 
energy dependence effects. 
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Isotopic Analysis of Oxygen in Water 
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A semimicro method for the oxidation of water to oxygen for mass spectrometry has been 
developed. Water samples of 25-100 mg are oxidized by bromine in alkaline solution in 


presence of cobaltic oxide. 


DOSAGE DES ISOTOPES D’OXYGENE DANS L’EAU 


Une méthode demi-micro pour l’oxydation de l’eau donnant |’oxygéne a été perfectionnée. 
Des échantillons d’eau de 25 a 100 mg. sont oxydisés au moyen du brome en solution alcaline 


avec l’assistance de l’oxyde cobaltique. 


M30TOUHBIM AHAJIN3 KUCJIOPOA B BOJLE 


I[po6nr B 25-100 Mr OKMC.AAIOTCA PacTBOpOM OpoMa B IIpucyTCTBUM OKMCH 


KOOaIbTA. 


ISOTOPENANALYSE VON SAUERSTOFF IN WASSER 
Fir massenspektrometrische Untersuchungen wurde eine Semi-Mikromethode entwickelt 
zur Oxydierung von Wasser zu Sauerstoff. Wasserproben von 25 bis 100 mg wurden durch 
Brom in alkalischer Lésung in Gegenwart von Kobaltoxyd oxydiert. 


Tue determination of the isotopic com- 
position of oxygen in water by mass spectro- 
metry requires the introduction of oxygen in 
form of a volatile compound. 

The introduction of water as such into 
the mass spectrometer involves prior normali- 
zation of the hydrogen as well as a pro- 
longed “‘memory” in the instrument. 

An alternative compound is carbon dioxide 
which may be prepared either by a direct 
oxidation of carbon or by equilibration with 
water.) The oxidation of carbon is 
rather complicated, while the equilibration 
method involves an accurate measurement 
of the amount of water used for analysis.* 
Moreover, the natural abundance of C® 
exceeds that of O!” by a factor of about 30, 
thereby limiting the accuracy of determina- 
tion of relatively low O1" concentrations. 
The same limitation exists if carbon mon- 


oxide is used in the mass spectrometer, and 
in addition the background of N!4N'* and 
N!4N?°, which is generally present in a mass 
spectrometer, causes further errors. 

A useful oxygen-containing compound to 
be introduced into a mass spectrometer, is 
molecular oxygen. In this case there is no 
interference of foreign atoms at the measured 
masses including O1%O!* and Al- 
though it is more reactive than the oxides 
of carbon, its ability to form labile oxides 
inside the mass spectrometer tube is small, 
and the “memory” effects are not greater 
than those of carbon dioxide. On the other 
hand, there is no way to purify an oxygen 
sample from foreign oxygen which might 
have leaked in while handling the gas. It 
is advisable anyhow to check each sample 
for nitrogen to make sure that no air con- 
tamination occurred. 


* An improvement in accurate measurement of small amounts of water has been achieved lately by dilution 


analysis.'4,°) 
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The oxidation of water to oxygen can be 
effected by means of various reactions, but 
in order to avoid isotopic dilution, an 
oxidation reaction in which the oxidant is 
oxygen-free is required. Electrolysis of 
water is a reaction of this type, but it 
involves certain disadvantages: the mini- 
mum volume of water which can be electro- 
lysed is about 500mg and this can be 
achieved only in a rather complicated 
electrolysing vessel. Another reaction is 
the oxidation of water by bromine trifluoride 
in a vacuum system made of nickel. By 
this method a few milligrams of water may 
be oxidized, and it has the major advantage 
of decomposing the water sample completely, 
thereby eliminating errors due to isotopic 
fractionation. 

The oxidation reaction which has been 
used by us is the catalytic oxidation of 
water by the halogens, chlorine or bromine, 
in alkaline solution. The mechanism in- 
volves the catalytic decomposition of hypo- 
chlorite or hypobromite ions by metallic 
oxides, preferably cobaltic oxide. 


H,O + Br, + HOBr + Br; 
HOBr + OH - OBr + H,O (1) 
OBr,, catalyst 10, Br (2) 


The procedure is carried out with oxygen- 
free reagents so that no oxygen but that of 
the water sample is involved. Whereas the 
procedure is practically free of dilution 
errors, it involves of course a systematic 
fractionation correction. Using the Rayleigh 
formula, it can be shown that increasing 
the amount of decomposition of the water 
from 3 to 6 per cent leads to an error of about 
0-1 per cent (assuming the high fractionation 
factor for the decomposition of 1-03). The 
procedure requires water samples between 
25-100 mg, and as it is rapid it is especially 
useful for routine work. 

A modification of this method for the 
preparation of carbon monoxide samples 
from methyl and ethyl alcohols has been 
applied successfully. In this case the reaction 
is carried out in acid medium in the presence 
of cobaltous chloride. The alcohol forms 
initially the corresponding hypobromite‘® 
which then decomposes on heating at a 
temperature of 120—150°C to carbon mon- 
oxide and brominated hydrocarbons. The 
carbon monoxide is separated from all the 
other products by freezing the latter in 
liquid nitrogen. It should be noted that 
methyl alcohol cannot be equilibrated with 
carbon dioxide in acid medium.” 


PROCEDURE 


The following procedure was adopted 
and has been used successfully in this 
department for water samples of 50-100 mg. 
Modification of the method for samples 
smaller than 50 mg will be described later. 

One to three mg anhydrous cobaltous 
chloride are introduced into a Pyrex glass 
ampoule fitted with a break-off tip, a sealing 
constriction and a ground joint.‘”) A small 
piece of metallic sodium, approximately 
10-20 mg, is then added; the error due to 
dilution by the oxide formed on the freshly 
cut sodium, using water samples of 100 mg, 
does not exceed 0-2 per cent. It should be 
noted, however, that reproducibility is not 
affected here by more than 0-05 per cent. 
This error, due to dilution, becomes negligible 
for water samples containing below 0-5 at. per 


cent O!8, For highly enriched water samples 
this source of dilution may be reduced by 
using sodium-filled glass capillaries which 
are broken open just before use. The only 
way of eliminating this source of error is to 
distil the sodium into the glass ampoule on 
the vacuum line. This procedure is rather 
time-consuming and need not be used unless 
high accuracy is required. 

Fifty to 100 mg of the water to be sampled 
is then pipetted into the ampoule and allowed 
to react with the metallic sodium. The am- 
poule is now attached toa vacuumsystemandis 
evacuated while frozen in liquid nitrogen and 
is subsequently degassed by remelting the 
sodium hydroxide solution. The contents 
of the ampoule are frozen again and 20 ml 
of bromine vapour at equilibrium with 
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liquid bromine at room temperature are 
distilled into the ampoule, which is then 
sealed off. The sodium hydroxide should 
remain in a slight excess after adding the 
bromine, but it should not exceed the 
concentration of 40 per cent to begin with. 
Apart from these two limitations, the 
quantities of the reagents used are not 
critical 

On warming the sealed ampoule to room 
temperature, the bromine reacts with the 
water to form hypobromite, which then 
decomposes by means of the cobalic oxide 
catalyst. The reaction is completed at room 
temperature in about 20-30min. ‘The 
ampoule is then ready for mass spectro- 
metric analysis. When being attached to 
the mass spectrometric vacuum system, the 
aqueous solution is frozen and the tip is 
broken off. The sealed ampoules may be 
stored indefinitely and analysed whenever 
required. The whole procedure, if done as a 
routine, takes less than 10 min per sample, 
including the preparation of the ampoule. 


When analysing samples of less than 
50 mg water, the following modifications 
have been made: the ampoule is attached 
to the vacuum system alter introducing the 
cobaltous chloride, the sodium is then 
distilled into it (the amount of sodium is 
estimated visually after a few trials), then 
the water is distilled into the ampoule, which 
is now allowed to warm up. After the 
reaction has taken place, the sodium hyd- 
roxide solution is frozen and the hydrogen 
formed is pumped off, next the bromine is 
distilled in and the ampoule sealed off. It 
should be remembered, however, that 
the hypobromite decomposition takes place 
in aqueous solution only, so that it is not 
advisable to reduce the water volume below 
0-025 ml. It was still possible to obtain 
gaseous oxygen from half of this volume 
using carefully controlled amounts of sodium 
and bromine; under these conditions 1/30 
m/mole of oxygen was formed, (which is the 
minimum required for analysis with our 
mass spectrometer). 


RESULTS 


Table 1 shows a comparison of O}8 at. per 
cent determinations of the same water 
samples by the CO, equilibration method 
and by the measurement of O, liberated by 
the hypobromite method. 

The fact that the O18 at. per cent is lower 
in the CO, equilibration method is due to 
the different fractionation factors involved 


in the two processes; these must be eliminated 
by comparison with standard samples pre- 
pared by the same method. The | per cent 
standard deviation is due to the limited 
accuracy of the mass spectrometer. 

Table 2 shows a comparison between 
oxygen samples prepared by electrolysis and 
by the hypobromite method. The difference 


Tas.e 1. Comparison of the CO, equilibration with the OBr—O, methods 


CO, equil. at. % O% | 0-247 0-324 
O, by OBr at. % O18 | 0-251 0-319 
. at. % O18 by CO, | 


0-448 0-675 0-817 0-836 1-037 1-438 1-510 1-7 
0-456 0-684 0-817 0-840 1-050 1-460 1-520 1-7 


Sample No. 


4 
5 


2 
0 


0-984 0-987 1-000 0-996 0-988 0-985 0-994 0-997 


R = 0-9945 +. 0-0094 
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TasLe 2. Comparison of the O, samples prepared by electrolysis and by the hypobromite method 


Sample No. 
1 2 3 a 5 6 7 
O, prepared by) O!7 at. % 0-198 0-192 0-670 0-635 0-870 1-18 1-19 
electrolysis | O}8 at. % 1-41 2-66 10:28 21-60 32-50 50-40 = 51-65 
O, prepared by | O" at. % | 0-199 0-188 0-657 0-637 0-840 = 1-24 1-27 
hypobromitej at. 1-39 2-62 10-26 21-75 32:35 50:53 51-75 
at % (OBr)) O” 1:004 0-985 0-980 1:006 0-966 1-050 1-067 mean 1-007 + 3-6°, 
Ratio at (Elec)| O18 0-994 0-980 0-998 1-001 0-995 1-003 1-002 mean 0-996 +- 


TaB_e 3. Reproducibility of the hypobromite method (see text). 


at. % O'7 0-663 
at. % O'8 | 10-38 


0-665 
10-10 


0-657 
10-36 


0-667 


10-08 10-25 


0-636 


0-650 
10-11 


0-675 
10-35 


0-645 
10-45 


0-665 mean 0-664 + 2:5% 
10-20 mean 10-25 + 1:3% 


in fractionation factors of the two processes 
is within the limited accuracy of our mass 
spectrometer. 

The reproducibility of samples prepared 
by the hypobromite method is demonstrated 
by the results of 10 different samples prepared 
from the same water(Table 3); these analyses 


were done on different days and were not 
normalized by comparison to standards. 

It has been found that the standard 
deviation of the determinations of abundance 
of oxygen isotopes by the hypobromite method 
does not exceed that introduced by the 
mass spectrometer itself. 
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Experimental methods and results are described for the application of radio sulphur in the 
measurement of gas-condensed phase equilibria at high temperatures. The gas phase through- 
out the experiments consisted of H,/H,S mixtures whose compositions were determined by a 
simple gas counting technique. The condensed phases were in some cases liquid and in others 
solid. Modifications of the conventional methods are suggested when radioactive isotopes are 
used, and although these are related particularly to experiments with sulphur-containing 
systems, they should be applicable to other systems such as those involving carbon and chlorine. 
A comparison with results obtained by conventional gas analytical methods shows that the 
radioactive technique is capable of equal sensitivity, and with future development may prove 
superior. It further has the merit of being considerably more rapid, enabling continuous gas 
analyses to be made and thus facilitating the study of the approach to equilibrium. 


UNE METHODE RADIOCHIMIQUE DE HAUTE PRECISION POUR 
MESURER LES EQUILIBRES AUX TEMPERATURES ELEVEES DANS 
LES MELANGES H,S/H, 


Sont décrits les méthodes expérimentales et les résultats de application du radio-soufre 
a la mesure des équilibres dans la phase du gaz condensé aux températures élevées. Durant 
toutes les expériences la phase gazeuse était formée de mélanges de H,/H,S dont la composition 
était mesurée au moyen d’une méthode simple de compteur a gaz. Les phases condens¢ées 
étaient desfois liquides, desfois solides. Des modifications aux méthodes conventionnelles 
sont proposées lorsque s’emploient les isotopes radioactifs, et bien que ceux-ci aient rapport 
en particulier aux expériences avec les systémes contenant du soufre, ils devront bien s’appliquer 
a d’autres systémes tels que ceux contenant le carbone et le chlore. Une comparaison faite 
avec les résultats que donnent les méthodes conventionnelles pour l’analyse des gaz indique 
que la technique radioactive peut atteindre une sensibilité pareille, que le développement 
au futur pourrait bien rendre supérieure. Elle a, d’ailleurs, le mérite d’étre bien plus rapide, 
permettant la continuité aux analyses gazeux et ainsi rendant facile l’étude du rapprochement 


Péquilibre. 


TOUHSIN OUPEEJIEHUA 
PABHOBECHAL B CMECAHX H,S/H, BbICOKUX TEMITEPATYPAX 


OnMcaHbl MeTOANKA IPUMeHeHHA UsMepeHUM PaBHOBecHst 
u3 cmeceii H,/H,S, cocraB Koroppix MeTO,OM 
poBaHHble B HEKOTOPHIX CLYUAAX a B I 
30TONOB XOTA DTH OTHOCATCH B OCHOBHOM K Cepocoyep Kalix 
OHAKO OHM MOryT ObITh M cuerem, 
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OT PaBHOBecHA. 


EINE GENAUE RADIOCHEMISCHE METHODE ZUR BESTIMMUNG 
DES GLEICHGEWICHTS ZUSTANDES BEI HOHEN 
TEMPERATUREN BEI GASGEMISCHEN MIT H,S/H, 


Experimentelle Methoden und Messresultate bei der Anwendung von Radioschwefel fiir 
die Bestimmung des Gleichgewichtszustandes zwischen gasformiger und kondensierter Phase 
bei hohen Temperaturen werden angegevoen. Bei den volriegenden Untersuchungen bestand 
die gasférmige Phase aus H,/H,S-Gemischen, deren Zusammensetzung durch einfache 
Gaszahltechnik bestimmt wurde. Die kondensierte Phase war in einigen Fallen fliissig, in den 
ubrigen Versuchen fest. Bei Anwendung von Radionukliden wurde eine Modifizierung der 
konventionellen Methoden vorgeschlagen, die auch bei Kohlenstoffund Chlor-enthaltenden 
Systemen anwendbar bleiben soll, die vorliegenden Versuche waren jedoch alle auf Schwefel- 
haltige Systeme beschrankt. Ein Vergleich der hier erhaltenen Resultate mit solchen nach 
gewohnlichen gasanalythischen Methoden ergibt gleichen Empfindlichkeit, bei Weiterent- 
wicklung der radioaktiven Methode diirfte diese den anderen Methoden iberlegen sein. Als 
weiterer Vorteil sei erwahnt, dass hier die Gasanalyse bedeutend schneller und vor allem 
kontinuierlich durchgeftihrt werden kann, wodurch die Annaherung an den Gleichgewichts- 


zustand beobachtbar wird. 


Tue thermodynamic properties of chemical 
systems at high temperatures are frequently 
obtained by measuring two phase equilibria, 
e.g. gas-solid or gas-liquid, and subsequently 
making use of existing data for one of the 
phases. Thus the free energy of formation 
of pure solid ferrous sulphide from pure solid 
iron and gaseous diatomic sulphur was found 
by combining the free energy change of the 
equilibrium”) 
ide pH,S 
FS +H,—~Fe+H,S K pH, 
—AG° = RT Ink 


with accurate data for the free energy of 
formation of hydrogen sulphide from hydro- 
gen and diatomic sulphur.) 

One of three techniques is generally em- 
ployed in making these gas-condensed phase 
equilibrium measurements, and in the par- 
ticular case of sulphide equilibria these are: 

(a) The gas phase, initially pure hydrogen, 
is recirculated over the solid or liquid 
sulphur-containing phase, gas samples being 
taken from a known volume in the apparatus 
from time to time until a constant H,S/H, 
ratio is observed, indicating that equilibrium 
has been reached. 

(b) Pure hydrogen is passed slowly through 
a tube packed with the appropriate solid 


phases, and the H,S/H, ratio of the effluent 
gas is determined. It is assumed that the 
gas reaches equilibrium with the solid during 
this one pass. 

(c) Gas containing a constant ratio of H, 
and H.,S is passed over the solid or liquid, 
which is occasionally sampled, until equili- 
brium, i.e. constant sulphur content of the 
condensed phase, is achieved. In this last 
type of measurement an alternative to samp- 
ling the solid or liquid is to measure the 
H,S/H, ratio leaving the furnace, and to 
continue the experiment until the outgoing 
gas has the same composition as the ingoing 
gas and then to analyse the solid or liquid 
phase, assuming that equilibrium has been 
achieved. 

Chemical analysis of the gaseous phase is 
usually used in each method, and a con- 
siderable length of time is added to the 
duration of each experiment in filling a 
sample volume, and in obtaining at least 
two concordant analyses of the gas mixture. 
For example, in studies using the gas recircu- 
lation technique (method (a)), if the H,S/H, 
ratio is of the order of 10-%, about 200 cm? 
of gas at N.T.P. are required for accurate 
analysis. At least 30 minutes recirculation 
must be allowed to ensure that the sample 
volume contains a representative sample of 
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the gas when a gas flow rate of 400 cm*/min 
is used, and at least another 30 minutes is 
required for flushing the contents of this vol- 
ume through an absorbing solution to convert 
the sulphur to some analytically useful form, 
e.g. sulphate. The experiment must be con- 
tinued until two consecutive analyses agree, 
as only in this way can the achievement of 
equilibrium be established. 

When the radiochemical method, which 
is described here, is used, the H,S partial 


pressure is continuously measured and the 
approach to equilibrium is easily and imme- 
diately observed. No sulphur is removed 
from the system and accurate measurements 
of the equilibrium H,S pressure are obtained 
very soon after equilibrium has been reached. 

The apparatus involved is the same as that 
normally used, except that the sample 
volume now has a G.-M. counter window 
as one wall, and the sulphide phase is made 
up to include radiosulphur, S**. 


MEASUREMENTS IN A CIRCULATION APPARATUS 


The diagram shows an apparatus used for 
the study of sulphide equilibria by this 
method (Fig. 1). The G.—M. counter (type 
EHM2S) is glued to the glass flange at the 
base of the counting volume with “‘Durofix’’. 
Since the counter window is so fragile, the 
apparatus cannot be first evacuated and then 
filled with hydrogen, but must be flushed 
with hydrogen. Alternatively, of course, the 
counting volume can be isolated and flushed 
separately whilst the rest of the apparatus is 
being evacuated and filled. ‘The counter 
window will withstand quite a large varia- 
tion in pressure in the apparatus provided 
the change occurs slowly. As much as +10 
cm Hg pressure-difference from one atmo- 
sphere has occurred during some of our 
experiments, without damage to the counter 
window. No cooling of the sample volume 
is required, as the gas, which is largely 
hydrogen and therefore of high thermal con- 
ductivity, soon cools to room temperature 
after leaving the furnace. Before being used 
in any experiments involving radio-H,S, 
dummy experiments using stable sulphur 
should be carried out to check the apparatus 
and to saturate the counting volume walls 
and window with stable H,S, which is 
apparently chemisorbed. If this is not done, 
a high, long-lived counter background will 
be obtained from the radioactive sulphur 
atoms which are adsorbed on the sample 
volume walls. Furthermore, these experi- 
ments enable a test to be made for the 
presence of spurious pulses in the counting 
equipment arising from relays in the furnace 
control or circulation pump mechanisms. 


Fic. 1. Recirculation apparatus which was used in the 
study of the gas-solid equilibrium Fe—FeS—H,—H.S. 

A = Furnace containing sample; 

B = Counter and sample volume; 

C = Gas pump; 

D = Flowmeter; 

E = Drying tube. 


These, of course, must be eliminated before 
measurements begin, or alternatively, the 
counter must be surrounded with an earthed 
metallic shield. 

When radioactive experiments are started, 
the counter must be calibrated for counting 
rate as a function of fH,S for a gas of 
known specific activity. The same sample of 
active sulphur should be used for both the 
calibration of the counter and the subsequent 
research. So that errors arising from the 
absolute assay of S** may be eliminated, 
calibration is made either by making chemi- 
cal analyses of the contents of a known 
volume in the apparatus, or by introducing 
into the furnace a metal/metal radio-sulphide 
mixture of known specific activity, and of 
which the thermodynamics are already 
known, and bringing the mixture to a 
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temperature at which the H,S/H, ratio in 
equilibrium with this mixture has already 
been established to +1 per cent. These are 
available to cover H,S partial pressures from 
to atmosphere. They are, Cu/Cu,S 
for 10-4-10-3,) Fe/FeS for 5x 10-*-5 x 
10-3,) Co/Co,S, for 10-*-10-, CogS,/Co,S, 
for 10-?-5 x 10-1, Co,S,/CoS for 5 x 10-?— 
10-1 atmospheres (see below). It has been 
found in our apparatus that the counting 
rate is a linear function of the H,S partial 
pressure from 10-4 up to 10-? atmosphere. 
Thereafter, the counting rate increases less 


THE “FLOWING GAS” 


It is undesirable to use this method in the 
form where H,S/H, mixtures of known com- 
position are passed over a heated sample 
and then pass out into an absorbing solu- 
tion, when radioactive sulphur is being 
employed. This is because the isotope 
becomes dispersed in a large volume of absor- 
bing solution after several experiments. In- 
stead, two furnaces should be used in series 
in a gas-circulation system, one, the reaction 
furnace, containing the material to be 
studied, and the other, the control furnace, 
containing a metal/metal-sul- 
phide source held at a known temperature, 


rapidly than the H,S pressure, but only 
deviates from linearity by about 8 per cent 
at the upper limit. These results show that 
physical absorption plays no part in the 
radioactive measurement, since a sorbed 
film of radioactive sulphur on the window 
would raise the count disproportionately and 
cause the counting rate to increase more 
rapidly than the H,S pressure. Accurate 
measurements of sulphide equilibria, using 
the gas recirculation method, have been 
obtained up to 1450°C when a Morgan ARR 
tube was used as the furnace tube. 


METHOD (METHOD (c)) 


to supply a known mixture of H,S/H,, as 
described above. If one counter measures 
the H,S pressure of the ingoing gas and 
another that of the gas leaving the reaction 
furnace, both counting rates indicate the 
same H,S/H, ratio when equilibrium is 
achieved. It is very unlikely that two coun- 
ting assemblies will give the same counting 
rate for the same H,S/H, ratio, so separate 
calibrations must be carried out for each 
counter. The source will give a constant 
supply for many hours, providing it is a 
finely divided solid which is not allowed to 
sinter too much, or is in the liquid state. 


PREPARATION OF RADIOACTIVE SULPHIDES 


Experience has shown that the counting 
assembly used in the experiments to be des- 
cribed below has about | per cent efficiency 
for counting S* radiation. Thus, if a coun- 
ting rate of 1000 counts/minute is required 
from a cylindrical gas sample of diameter 
about 3-5 cm and length 10 cm, i.e. having a 
volume of about 100 cm%, in which the 
H.S partial pressure is 10-* atmosphere, then 
a specific activity of about 1 mc of S** per 
gram of natural sulphur must be used. The 
counting rate is almost exactly proportional 
to pH,.S, and it is easy to calculate the 
specific activity required to yield a counting 
rate of 1000 counts/minute for other gas 
compositions. 

The sulphides are usually prepared by 
direct fusion of the elements in a sealed 


evacuated Pyrex ampoule, or by wet pre- 
cipitation methods. In the former case, 
elementary sulphur containing S* at specific 
activities up to | mc/g can now be obtained. 
If a lower specific activity is required, this 
may be achieved by premelting the radio- 
active element with the appropriate quantity 
of stable sulphur under an atmosphere of 
argon of about | atmosphere pressure in a 
sealed Pyrex ampoule at about 120°C. Where 
higher specific activities than this are needed, 
carrier-free radio-sulphur supplied as very 
dilute sulphuric acid, may be co-precipitated 
with stable sulphate as barium sulphate, 
which is then reduced to sulphide in a stream 
of hydrogen at about 700°C. Radioactive 
H,S can then be generated by dilute acid 
attack,and thegas used for was precipitation. 
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in a few cases, sodium sulphate has been 
added as carrier, and after evaporation to 
dryness, and reduction in hydrogen at 
600-700°C to sodium sulphide, sulphides 
which precipitate in alkaline media can be 
prepared, e.g. (FeS, MnS). This method has 
the disadvantage that some sulphur is lost as 
H,S during the reduction, due to hydrolysis. 

Sulphur may be transferred from one 


metal to another by removing sulphur as 
H,S by reduction at high temperature, and 
condensing the gas in a liquid-air trap. The 
other metal, in which the sulphur is required, 
is then placed in the furnace, and the liquid 
air removed from the trap. This method is 
only semi-quantitative, since ~H,S is about 
10-® atmosphere at liquid-air temperatures, 
and some small loss inevitably occurs. 


SOME EXAMPLES OF THE USE OF THIS METHOD 


(1) The free energy of formation of ferrous 
sulphide. The author has already published 
the results of this investigation in which the 
recirculation method was used, and it is of 
interest to note that the other accurate 
study of this equilibrium using chemical 
analysis of the gas phase agrees very well 
with these results (Fig. 2). The starting 
material was carrier-free radio sulphur, since 
elementary sulphur of high enough specific 
activity was not available at that time. 

(2) Equilibria in the cobalt—sulphur system. 
Dr. J. R. Srupsres in this laboratory has 
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Fic. 2. Comparison of the results for the system 

Fe—FeS—H,—H,S obtained by this method with those 

of RosEngvist, who used chemical analysis. © this work; 
A, Rosenevist. 
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Fic. 3. Comparison of the results for the system Co—(Co—S)—H,—H,S with those of 
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recently checked the thermodynamics at the 
phase boundaries in the solid system cobalt- 
sulphur between Co/Co,Sx,, CogS,/CoS, Co/ 
Co,S3, Co,S,/Co,S, and Co,S,/CoS, and 
obtained more reliable measurements than 
any previous work. The results are shown 
compared with those of RosEeNgvist (Fig. 
3). For this work, elementary sulphur 
containing known amounts of S*° was used 
as the starting material. 

The method which was used was to 
measure the H,S/H, ratio over a number of 
metal-sulphur mixtures as a function of 
temperature. The results were then used to 
calculate the sulphur potential for the uni- 
variant systems Co—Co,S,, CoyS,—CoS, etc. 

(3) Thermal diffusion errors. Many early 
measurements of gas-solid and gas—liquid 
equilibria by method (b) were incorrect, 
because the gas mixture formed in the 
reaction moved so slowly from the even zone 
of the furnace to the gas analytical apparatus, 
which was at room temperature, that, as a 
result of thermal diffusion, a_ different 
H,S/H, ratio was present in the analytical 
apparatus from that over the sulphide at 
high temperatures.‘® 

The magnitude of the error involved was 
speedily measured by this technique, using 
the apparatus shown in Fig. 1. All that was 
required was a measurement of the H,S/H, 
ratio in the counting volume (at constant 
furnace temperature for a given metal— 
metal sulphide mixture) as a function of gas 
flow-rate. Measurements were made at 
flow-rates from 0 to 500 cm’/min measured 
at room temperature, for the system Fe—FeS 
in the gas recirculation apparatus, over the 
temperature range 500-980°C. The sulphide 
was contained in a 2-5 cm bore mullite tube. 
The results are shown in Fig. 4(a), in which 
A(~H.S/pH,), equal to the ratio at the given 
flow-rate minus the correct ratio obtained 
from a measurement at 500 cm*/min, where 
it was found that thermal diffusion errors 
had been eliminated, is plotted against the 
furnace temperature. Fig. 4(b) shows a com- 
parison of the errors in this system at the two 
temperatures 869 and 977°C and Fig. 4(c) 
shows the rate of increase of the error with 
time after the pump has been switched off, 
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Fic. 4. 
(a) Thermal diffusion errors as a function of temperature 
for three flow-rates in the apparatus shown in Fig. 1. 
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(b) The dependence of thermal diffusion errors on gas 
flow-rate at two temperatures. 


i.e. under static conditions. It can be con- 
cluded from these latter results that no sub- 
stantial errors are involved when a sample of 
the gas is removed for analysis within 15 min- 
utes of stopping the pump. These measure- 
ments made it possible to evaluate previous 
measurements which included thermal dif- 
fusion errors.“ It can be seen that results 
free from thermal segregation can be 
obtained when a gas flow-rate of greater than 
200 cm*/min is used for this apparatus. 
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(c) The rate of increase of the thermal diffusion errors 
in a static system as a function of time after stopping the 
gas circulation pump. 


Furthermore, measurements with static gas 
can be as much as 100 per cent in error. 
Clearly, results obtained from the method 
where pure hydrogen is passed _ slowly 
through a tube packed with metal—metal 
sulphide must be regarded with suspicion 
unless the results show that the H,S/H, ratio 
did not vary over a wide range of gas 
flow-rates. 

(4) Homogeneous solutions and Henry’s law. 
When it is required to know how the sulphur 
pressure over a solution of sulphur in a metal 
or alloy varies with sulphur content of the 
solution, the following type of experiment 
can be made rapidly and with a high 
accuracy. 

A dilute solution of radio-sulphur in copper, 
held in an alumina boat, was brought to 
1100°C in a resistance-heated furnace which 
was part of a gas circulation apparatus. 
The apparatus was filled with hydrogen and 
the gas was circulated until equilibrium was 
achieved, the H,S/H, ratio being measured 
with a counter. The apparatus was then 
flushed with pure hydrogen for a few minutes, 
the effluent gas being passed through 
0-05N NaClO-0-5N NaOH absorbing solu- 
tion, and the amount of sulphur which had 


4 


141 


been removed from the copper, which was 
the sulphur content of the absorbing solu- 
tion, was determined by the method of 
KircHENer et al.” Recirculation was started 
again, and the H,S/H, ratio was again 
measured when equilibrium was attained. 
More sulphur was removed as_ before, 
followed by another measurement of pH,S/ 
pH,. This was continued until nearly all 
the sulphur had been removed from the 
solution. The apparatus was then flushed 
with pure nitrogen into NaClO solution 
from which the sulphur content of the gas 
phase was determined, and the copper 
sample was allowed to cool to room tem- 
perature. The final sulphur content of the 
copper was determined by CO, combustion 
analysis. It was then possible to calculate 
the sulphur content of the sample corre- 
sponding to each H,S/H, ratio measured 
during the experiment, and to show that 
sulphur obeys Henry’s law, 


pH,S/pH, = in Cul, 


in solution in liquid copper. The constant 
value of pH,S/pH, at the sulphur-rich end of 
these studies corresponded to the two liquid 
region [S in Cu],-(Cu in Cu,S), and the 
break in the plot shown below fixes the 
limiting solubility of sulphur in liquid copper 
at this temperature at 0-96 wt. per cent. 
This experiment took 14 hr, and the accuracy 
of the results can be seen by comparison 
with the work of Supo,®) with which they 
agree quite well (Fig. 5). 
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Fic. 5. The results to show that sulphur obeys Henry’s 
law in dilute solution in liquid copper at 1100°C, 
compared with those of Supo. © this work; x Supo. 
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Fic. 6. A plot of the logarithm of the equilibrium con- 
stant versus 104/7'°K for the reaction 

H,S — [S in Cu], + Hg, 
compared with results for the two-liquid phase system 
[S in Cu]-(Cu in Cu,S). © = this work; A = Supo; 
= AnTILL; = ScHUHMANN and MOLEs. 


Measurements were then made _ of 
PH,S/pH, in equilibrium with a sample of 
liquid copper containing 0-80 wt. per cent 


sulphur as a function of temperature be- . 


tween 1150° and 1450°C (Fig. 6). From 
these results it could be calculated that the 
free energy change for the reaction 


H,S — [Sin Cu], + H,, 


where the standard state for sulphur in 
solution in copper is | wt. per cent, can be 
expressed as a function of temperature 
according to the equation 
AG° = —8,000 — 5-57" cal. 

Knowing the validity of Henry’s law for 
sulphur in dilute solution in liquid copper, 
and using this equation and the data for the 
two liquid system [Sin Cu],—(Cuin Cu,S),, 
the phase diagram for the copper-rich end 
of this system has been calculated. It is in 
good agreement with that obtained by 
Supo.0 


CONCLUSION 


It has been shown that the radiochemical 
method has many advantages over the con- 
ventional one, chiefly because it makes 
possible continuous mea- 
surements of one component in the gas phase. 
The method can be made to give results of 
an overall accuracy of +2 per cent. It 
seems very probable that the same technique 
could be employed in studies of carbon, and 
chlorine-containing systems through the mea- 
surement of H,/CH, and H,/HCl mixtures 


respectively. It is hoped in the near future 
to increase the sensitivity of the method 
(many times) by the use of an internal gas 
counter. 
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Image Formation of a High Temperature 
Vacuum Evaporation Source through 
Combined Distillation Camera 


Exposures and Autoradiography with 
and Ww'® 
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A combination of vacuum distillation self-imaging and autoradiography is described for 
the production of an image of the vacuum evaporation geometry of an evaporating source at 
the instant of molecular distillation, or during selected periods throughout the distilling sequence. 
The mode of the macrodistillation phenomena may be ascertained by the method, which is 
particularly applicable to the study of distillation phenomena of minute masses of charge 
material. The system provides an image, the density of which quantitatively represents the 
intensity of the evaporation rate from any point on the distillation source. A shutter system may 
be used to provide discrete images of the distillation phenomena at limited, selected time 
periods throughout the evaporation. 

The method consists first of the use of a simple vacuum distillation camera. The image of the 
source being formed on a cold target plate at the image plane and made up of the condensed 
metal distilland, tagged with its radioactive isotope. Single isotopes or combinations of the 
tagged metals may be used in the crucible and charge. Radioisotopes used here are Au!®®, 
Cr®! and W185.) The metallic condensed metal in image array may be so tenuous as to be 
invisible on this target plate. This condensed tagged metal is placed in gross apposition with 
a proper autoradiographic emulsion and the resultant photographic negative presents the true 
image of the distillation intensities at the source. This image may not necessarily coincide 
with the geometric, mechanical limits of the filament plus charge. The autoradiographic 
image reproduces the apparent source* seen by the target. This special benefit of the method, 
in that it demonstrates the source region from which the distilling atoms emanate, allows study 
of wetting phenomena, creep of charge, reflection and distilland scattering phenomena. Image 
photographic density may be a quantitative measure of the source distillation rate, when the 
photographic process is standardized. The method has potential in binary isotope distillations 
to determine simultaneous evaporation phenomena of charge and crucible. The method’s 
resolution theoretically extends to the order of 10 ~ and has a sensitivity down to 500 wg charge 
mass distilled. Source images may consist of as little as 10~!°g of metal for certain beta emitters. 


FORMATION DE L’IMAGE DONNEE PAR UNE SOURCE D’EVAPORATION AU 
VIDE A TEMPERATURE ELEVEE, PAR LA COMBINAISON DES POSES 
D’'UN APPAREIL A RAYONNEMENT DE DISTILLATION ET DE 
L’AUTO-RADIOGRAPHIE AU MOYEN DE Au?8, Cr®l et W185 


Une combinaison est décrite de l’auto-production d’image dans la distillation a vide et de 
l’auto-radiographie,”) pour produire une image de la géométrie de l’évaporation a vide 
d’une source évaporante a l’instant de la distillation moléculaire, ou durant des périodes 
choisies a travers la durée de la distillation. La mode des phénoménes de la macrodistillation 


* The apparent source may be thought of as that source region beyond which the distilland travels, for the major 
part, in collision-free paths. 
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peut étre déterminée par cette méthode qui trouve une application particuliére a l'étude 
des phénoménes de distillation de trés petites quantités de matériel de charge. Le systéme 
fournit une image dont la densité représente de fagon quantitative l’intensité du taux de 
l’évaporation de chaque point sur la source de distillation. Un systéme d’obturateurs peut 
servir pour donner de discrétes images des phénoménes de distillation a des périodes de temps 
choisies et limitées a travers la durée de |’évaporation. 

La méthode comprend tout d’abord l’emploi d’une chambre simple de distillation a vide. 
L’image de la source se forme sur une plaque froide, servant de targe au plan de l’image, et 
se compose du distilland métallique condensé, qui est marqué avec son isotope radio-actif. 
Des isotopes uniques ou des combinaisons des métaux marqués peuvent s’employer dans le 
creuset et dans la charge. Les radio-isotopes ici employés sont Au!%, Cr5! et W189.) Le 
métal condensé en forme métallique qui s’arrange en image peut étre d’une quantité si faible 
qu’il est invisible sur cette plaquetarge. Ce métal condensé marqué est placé en apposition 
grossiére 4 une émulsion auto-radiographique convenable et le cliché photographique qui 
en résulte donne l’image véritable des intensités de la distillation a la source. Il se peut que 
cette image ne corresponde pas de nécessité aux limites géométriques et physicales du filament 
plus la charge. L’image auto-radiographique reproduit la source apparente* que voit la 
targe. Cet avantage particulier de la méthode, en quoi elle démontre la région source d’ou 
viennent les atomes distillants, permet |’étude des phénoménes du mouillage, du cheminage 
de la charge et des phénoménes de la réflection et de la dispersion du distilland. La densité 
photographique de l’image pourra servir de mesure quantitative du taux de la distillation de 
la source lorsque le procédé photographique sera régularisé. La méthode a des possibilités 
dans les distillations isotopiques binaires pour déterminer les phénoménes de |’évaporation 
simultanée de la charge et du creuset. La résolution de la méthode s’étend, en théorie jusqu’a 
lordre de 10 4 et posséde une sensibilité venant a 500 wg. de la masse de charge distillée. 
Les images sources peuvent étre de si peu que 10-1 g. de métal pour certains émetteurs béta. 


HOJIMGEHUE BAKYYMHOLO 
TYTEM ROMBUHAIMM C’’EMOR C IOMOLIbIO 
KAMEPDbI C B JIVYUAX 
Aul98, 


Xapaktep ABIeHMA MOKeT ObITb YCTAHOBIeH C 
NOayYNTh MAOTHOCTh KOTOPOTO KOMYeCTBeEHHO Xapak- 
CKOpocTh McnapeHuA Kakoii-1n60 TOUKM atom 
ABICHHA B TeYeHHe 3a,aHHOro B Mpomecce uciapeHHA. 

Meroq B TIpMMeHeHMM BakYyMHOit 
Mso6pamenne ucrounMka, Meraua, 
IIpu B THPe 3arpy3ke MOFYT ObITh HIM M30TOMBI, M30TOTbI 
Caoit B MOAeT TOHKHM, 4TO OH 
Ha OTOT MeTad MpMBOAMTCH B TeCHBIii 
10 MCTOUHMKY. ITO He OOABATeIbHO C reo- 
Opamenne co6ow MCTOUHMK, Kak OH OT ITO 


* On peut considérer la source apparente comme cette région source hors de laquelle le distillé 
traverse des chemins, pour la plupart, sans abordages. 

MCTOUHMK MOAKHO Kak TY MCTOUHNKA, 3a KOTOPOK 
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3apAjla, a ABJeCHHA OTPaKeHUA M pacceAHUA Marepnasa. 


MO?KET ABJATbCH Mepoit CKOpocTH 


moet ObITE 


MCHOIb30BAaH WIA CMeCceii M30TONOB C OJJHOB- 


Teopernueckoe MeTojla jlocruraer 


10 uw, paBHa 500 MRI 
KOAMYeCTBO MeTaa, He 10-19 r, 


INTRODUCTION 


Vacuum distillation studies of very small 
metal charges in various tungsten filaments 
raised questions regarding the geometry of 
the evaporation source, crucible wetting by 
the charge, relative distillation rates, etc. 
Electron microscopy of microshadows sug- 
gested that in shadow casting,’®) the source 
configurations, consisting of the metal charge 
and the tungsten crucible, might not always 
exactly correspond to the source “‘seen”’ by 
the condensing surface. Dawson“) has 
reported that additional indirect evidence has 
existed for this, shadow-casting being only 
one source. To study such distillation 
source geometry, a method was required 
which would provide an image of the spatial 
confines from which the distilling atoms 


emanate in straight paths without collision. 
This representation could not be a simple 
photographic image of the confines of hot 
crucible and charge at the instant of distil- 
lation, since the effects of local pressure, 
scattering, surface tension and temperature 


conceivably might produce an_ extended 
source which would not precisely duplicate 
the geometric limits of the charge and heater. 

Review of previous work pointed up the 
lack of a proven system for the visualization 
of the apparent evaporation source for very 
small charge masses. It was, thus, necessary 
to develop a method for the study of the 
vacuum metal evaporation mechanism. The 
small charges of 0-2-100 mg were a hind- 
rance to conventional systems of study. 
Some other methods for investigating the 
distillation process might include cinemato- 
graphy, microchemistry, geometric shadow- 
ing, dispersion and microbalance studies. 
These methods do not provide a precise 
picture of the distillation mode and con- 
clusions regarding the source geometry must 
be inferred since the information is indirect. 
Great speed of the distillations and the 
unpredictable, intense crucible brightness 
tend to hinder simple photography of the 
mechanism. 


DISTILLATION CAMERA 


Geometrical considerations 

The use of the distillation camera presents 
itself as an immediate, excellent solution to 
the study of distillation source geometry. 
The function of the distillation ray camera is 
demonstrated in Fig. 1. The object (cru- 
cible), A, is positioned before an opaque 
wall, in the center of which is located a 
small, round aperture. <A _ planar, cold 
target surface, located behind the aperture, 
is mounted plane-perpendicular to the 
camera’s axis extended through the object 
and aperture. The tungsten object-crucible 
is charged with a less refractory metal and 
raised to an appropriate high temperature, 


* Glass plates, 3 x 4 in. 
+ Camera opening; 2 arctan a/2o. 


in vacuum, by resistive heating. Some of 
the distilland will pass through the aperture 
during the process of charge evaporation. 
An image of the source region will be pro- 
duced on the cold target plate,* due to 
straight line propagation of the molecules. 
Collisionless _distilland propagation is 
assumed. Pressures are 10-* mm Hg or 
below. The image, in this case, consists of an 
array of distilled molecules condensed on 
the target plate. The concentration per unit 
area of the condensed molecules at a point 
on the image is proportional to the evapo- 
ration rate at the source within the solid 
angle subtended by the aperture.t The 
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Fic. 1. This schematic representation of a distillation ray 

camera presents the helical tungsten crucible (object), of 

a length a, at distance o from the aperture (shaded). 

The image plate at the right condenses a tenuous, metal 
image of length 6. Here i/o = 2 = m. 


cloud effect of Stern and Gerlach will be 
observed at high pressures where the mean 
free path is of the order of the aperture 
diameter. 

The geometric collection efficiency E of 
the camera, for distillation on the camera 
axis and for aperture radius 7, is: 


Magnification m is: 
(2) 


The foregoing neglects the absolute aper- 
ture diameter. In actual practice, this will 
have some bearing on image size. 

In which case: 

b = ma + 2mr + 2r (3) 

The ambiguity introduced by the pro- 
jection of the disk of the aperture onto the 
image plane, for objects with approxi- 
mately the same dimensions as the aperture 
radius, may be substantial. For the above 
case, the actual image size may be about 
three times that predicted by expression (2), 
which assumes a dimensionless aperture. 

Any point on the object helix (Fig. 1) will 
be represented on the image plane by a disk 
which is the aperture projection. This 
projection disk of diameter D may be defined as 
that circular silhouette which results from 


* Expressed as mg of image metal per unit area. 
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the projection of a given image point through 
the aperture upon the image plane. 
2r(t +0 

The entire image can be thought of as 
consisting of an infinite number of such 
overlapping “disks of confusion.” 

When the resolution limit R is defined as 
that distance by which two points on the 
object, P, and Ps, are separated; and whose 
projection disks are tangent, then: 


D= 


= 
= & 
tm = 2 
at, m = 4 
R = 5/2r 


As i/o becomes very large; R approaches 
2r. The resolution limit R, by this defini- 
tion, is directly proportional to the aperture 
diameter. Resolution improves as the ratio 
i/o grows large but approaches a limiting 
value equal to the aperture diameter for 
very large values of 7/0. The resolution R by 
this criterion cannot be better than the 
aperture diameter. A second approach to 
resolution is through the term “relative 
resolution”, §$, in which the diameter of 
the disk of confusion is placed in ratio with 
the longitudinal dimension of the image.) 


(5) 


or; 


In this sense, a lengthy object, for a given 
geometry, perforce would give “good” 
resolution, whereas a relatively small object 
would produce “poor” resolution. This may 
lead to ambiguity. The classical definitions 
for resolution are related to instrumental 
capabilities in separating two points on an 
object without regard to the gross dimensions 
of the object. 

The theoretical intensity of the image by 
this technique consists of the thickness, or 
“surface concentration’’,* of the condensed 
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distilland on the target plate at the center 

point of one projection disk. It may be 

assumed that this image intensity is directly 

related to the molecular distillation rate of the 

object point under consideration for the solid 

angle subtended by the camera aperture. 
Where J is image intensity: 


I= + 6)? (6) 


Constant K includes distillation rate and 
aperture diameter. ‘These characteristics 
hold only for distilland traveling a path 
which makes only a small angle with the 
longitudinal axis of the camera. For image 
formation at oblique angles, a foreshortened 
aperture results in reduced geometrical 
efficiency. The sine law for distillation 
dispersion holds for a plane object surface, 
and for shallow angles the image intensity is 
correspondingly reduced. Certain aberra- 
tions may occur when the aperture is not 
truly planar and when the aperture plane is 
not normal to the optic axis. The design of 
a good distillation camera should then 
incorporate a small aperture. The ratio of 
object to aperture size must be large. The 
ratio of 2/0 or m should be large to exploit the 
best resolution. To avoid excessive require- 
ments for high specific charge radioactivity, 
a small object distance is a necessity. Small 
total camera depth also serves this same 
purpose. The object and image should 
subtend small angles with the optic axis, 
(Table 1). 


Taste 1. Design considerations for the ideal distillation 
camera 


. Small aperture. 

. Large m = i/o, and large o/r. 

. Small absolute object distance. 

. Shallow total camera depth. 

. Molecular trajectories near the optic axis. 


Objections 

The self-photography system outlined 
above incorporated certain obvious, attrac- 
tive features but suffered from the primary 
fault of a lack of sensitivity. A small aper- 
ture is necessary for good resolution, but this 
reduces the image density to negligible 
values. Distillations involving a charge 
mass of the order of 1 mg resulted in com- 


pletely invisible images, (Fig. 4). Consider 
a 1 mg charge evaporated before a vacuum 
distillation camera with an object distance of 
lcm and an aperture diameter of 200 u. 
Such geometry will result in a collection effi- 
ciency of 2:5 x 10-5, assuming symmetrical, 
spherical dispersion of the charge. With an 
image distance of 4 cm, and an object | cm? 
in area, this would correspond to an image 
of 2:5 x 10-8¢ distributed over 16-8 cm? 
of the image plate, or 1-6 « 10~® g/cm?; 
if the distilland were uniformly deposited. 
Let us assume that this 1 mg mass distilled 
was pure gold. With a density of 18-88, a 
uniform image, if such a film were physically 
possible, would be a theoretical 0-0085 A 
in thickness. Practically, such a metal layer 
is not coherent and is quite invisible to the 
eye, as well as to most detection systems. 
It would consist of gold atoms or molecules 
in an array on the target plate, but with no 
continuous film being formed, and less than 
1 per cent of the image area covered by gold, 
(for the case of uniform distribution). The 
tenuous image which is formed is difficult to 
study and often impossible to photograph. 
Additionally the visible image resulting from 
the distillation of very heavy charges has 
serious limitations since, beyond a certain 
image thickness, the deposit is, for densito- 
meter assay and optical purposes, opaque. 
Such a deposit can give little or no quanti- 
tative information of evaporation rates from 
points on the source. 

The self-imaging problems are resolved 
into three categories: 

(1) Poor resolution of source detail with 

opaque, condensed images. 

(2) Inability to record the more tenuous 
images resulting from distillation of 
very small charges. 

(3) Insensitivity to the metal charge masses 
below 20 mg. 

Some added system is thus necessary to 
reinforce the image produced by the distil- 
lation camera. Use of the Russel Effect'® 
for such reinforcement is an obvious possibi- 
lity. This chemographic phenomena may be 
used to produce a latent image on certain 
sensitive emulsions. Unfortunately, this 
method is generally unsatisfactory for it is not 
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applicable to all metals, is somewhat unpre- 
dictable in its action, difficult to control and 
provides poor resolution because of the 
separation necessary. 


Distillation exposures plus autoradiography ; sensiti- 
vity and resolution 

Fortunately, the potential of the distil- 
lation camera, for small charge evaporations, 
may be exploited if it is combined with the 
radio-tracer method. With an appropriate 
radioactive isotope tagged to the charge or 
crucible metal, it is possible to condense a 
radioactive image of the distillation mode 
upon the target plate. This radioactive 
condensate makes possible the application of 
the photographic amplification factor. Fig. 2 
outlines the steps of this technique. In step 
one; the distillation camera condenses an 
invisible image of the radioactive distil- 
lation source S on target plate T. Image 
formation is through the aperture A. Step 
two shows the target plate T being placed 
into gross apposition with the proper auto- 
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radiographic emulsion, E. Step three repre- 
sents the period of exposure, which is often 
lengthy, and step four illustrates the resultant 
autoradiogram in emulsion E, after develop- 
ment. The density of the autoradiogram 
will be the true representation of the con- 
densed image thickness and in turn a true 
representation of the distillation rate at the 
crucible. 

This method will theoretically allow the 
fullest exploitation of the distillation camera. 
ODELBLAD") has postulated a resolution of 
about | w for the beta ray self-photography 
system, which is equivalent for the distillation 
camera described. It is reasonable to expect 
a resolution of about this magnitude for such 
autoradiographic distillation camera ex- 
posures.® This resolution is far in excess of 
that needed for macro-study of the distil- 
lation source. 

The inherent sensitivity of the combined 
systems provides a considerable improvement 
over the simple distillation camera ex- 
posures. Obtainable specific activities dictate 


Fic. 2. 


imaged in condensed radioactive metal on target plate T (step 1). 


| 


Development 


Autoradiogram 


Outline of the autoradiographic-distillation camera mechanism shown in four steps. Source S is 


T placed in apposition (step 2) 


with emulsion E produces, after exposure (step 3), the autoradiogram (in step 4), which reproduces 


photographically the evaporation phenomena at S at the instant of distillation. 


Exposure periods 


vary from days to weeks depending upon the image intensity and isotopic half life. 
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the ultimate sensitivity and _ resolution. 
Certain tagged metals may be obtained from 
the Oak Ridge pile with activities as high as 
1 mc/mg. With such specific activity'®’ and 
for the geometries used in this laboratory, 
adequate exposures may be made by images 
which consist of only 10~!° g of material, for 
certain beta emitters, provided the isotope 
has a sufficiently lengthy half-life. This 
theoretical limit places a great sensitivity 
on the method and allows the use of very 
small apertures and correspondingly good 
resolution. The sensitivity of this system may 
be extended to extremely low masses of 
distilland, when carrier-free material is used. 
Successful distillations of carrier-free 11! 
and P82 have been made here. Specifically 
designed service irradiations* which pro- 
duced non-carrier-free material were used 
in this study. 

Consider a hypothetical case in which an 
object distance of one centimeter and a 
camera aperture of 100 w radius are used. 
The geometrical efficiency is 2:5 « 10~°. 
Used with a beta-emitting isotope, tagged to 
the extent of 1 mc/mg, this will produce an 
image of about 10? times greater intensity 
than that required for good autoradio- 
graphic reproduction upon the distillation of 
1 mg of charge (assuming the image to cover 
2 cm? of area). This requires a reasonable 
half-life and a particular radiation species 
which efficiently activates the photographic 
emulsion. The autoradiographic mechanics 
may be extended to a resolution of the order 
of 1 yw. Distillation camera resolution has 
been shown to be proportional to the aperture 
diameter. An aperture at 1cm_ object 
distance, of 10 w radius, has a theoretical 
geometrical efficiency of about 2:5 « 107. 
A camera magnification of one and a charge 
of 1 mg, tagged at 1 mc/mg, will result in a 
detectable autoradiogram, from such aset up, 
where the condensed image covers an area of 
about 1 cm*®. The problem of the use of such 
a system is not the geometrical limitations 
but rather the difficulty of fabricating and 
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mounting apertures of small radius to exploit 
the full theoretical potential of the system. 

A number of experimental variables are 
available to improve the experimental effi- 
ciency. These are; aperture diameter, 
object and image distance, magnification, 
charge mass, exposure time and the isotope 
and its associated radiation. ‘Thus, by 
appropriate emphasis of the proper variable 
almost any distillation may be visualized by 
this process. 

An important factor in the consideration of 
exposure time is the total target area 
covered by the condensed metalimage. With 
greater magnification, the image is condensed 
over a large area and exposure intensity is 
thereby reduced. Exposure intensity is 
inversely proportional to the square of the 
source-image distance, directly proportional 
to the geometrical efficiency and inversely 
proportional to the square of the magnifi- 
cation. Standardization showed that concen- 
tration of 10-* mc of W!*° provided an ade- 
quate intensity when condensed within a | 
cm? area and used with m.].s.t emulsion. This 
would correspond to a deposit of 10~° g of 
metal 7f the specific activity were 1 mc/mg. 
The actual image is never uniformly distri- 
buted but occurs in concentrations repre- 
sentative of the distillation rate from the 
various points on the source. Thus, image 
exposure is usually much better than that 
calculated on the basis of uniform deposition. 

The radiations and half-life of the isotope 
chosen have some bearing on the image 
production. In the case where the half-life 
is long in relation to the necessary exposure 
time, lower specific activities or reduced 
charge mass may be distilled. W14®*, of 
relatively long half-life, may be used with a 
low total activity incorporated into the 
image. W!'® with specific activity as low as 
0.007 mc/mg have been used successfully in 
these studies. Beta emitters, of moderate 
energy, efficiently produce an image on the 
proper emulsion. Less success in image 
formation is found with the gamma emitters 


* Irradiations of distilland material were carried out in the Oak Ridge pile, Oak Ridge National Laboratory. 


+ Eastman Kodak Medium Lantern Slide. 
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TaBLeE 2. Distilland isotopic properties 


_Target* and production | Half-life 


mode 


Isotope 


| 
| 
| 


Radiations (MeV) 
Betas Gammas 


| 
| Irradiation 


‘Sc activit 
Specific activity period 


Wiss (Wwire) 73-2days 0-428 


(ny) W185 


7 me/g, W 28 days 


Auls (Aufoil) 0-963 0-412 


2-69 days 0-290 0-676 


3000 me/g, Au | 7 days 


| 1-37 1-09 


(Cr nodule) 


Cr®°(n,y) days | (K electron capture) 


0-32 


50 mce/g, Cr 14 days 


* Spec-pure material, Johnson, Matthey and Company, Ltd. 


and with the very energetic beta emitters. 
X-ray no-screen film+ was used with some 
success with the more energetic beta emitters 
but lacked good resolution due to large 
grain size characteristics. The proper choice 
of emulsion may alleviate this exposure 
problem somewhat. 


Aul8, W185 and Cr?! 

Isotopes of gold, chromium and tungsten 
were used in this study (Table 1). Au!®§ 
and Cr*! were tagged to charge material. 
W'*> was tagged to pure tungsten filament 
wire. The gold was in the form of 0-003 in. 


thick foil and the chromium as spec-pure 
electrolytic nodules and platelets. Each was 
prepared so as to have a mass from about one 
to about 50mg. The tungsten was in the 
form of 15, 20 and 25 mil wire, cut to fit the 
Oak Ridge aluminum irradiation con- 
tainers. All three metals were chosen for 
purity and absence of radiocontaminants. 
The isotopes were produced under special 
irradiations designed specifically for the 
study to be described. The three isotopes 
provide a variety of radiation combinations 
and half lives with which several emulsions 
and autoradiographic procedures were tested. 


EXPERIMENTAL METHOD 


The distillation camera-autoradiographic 
procedure begins with the calibration of the 
radioactive metal charge material. Stable, 
decaying standards are made from the 
appropriate isotope under geometry and 
backscattering conditions which simulate 
the target conditions. Tagged charge 
material is loaded into the selected crucible 
configuration and the charge is evaporated 
from the crucible in juxtaposition with the 
distillation camera. A simple, experimental 
camera is shown in Fig. 3. It is important 
that the aperture plate completely shadow 
the target housing and that radiocontaminant 
shields be used on this mounting. The 
radioactive metal charge may vary in mass 
from a fraction of a milligram to several 
hundred milligrams. The charge, positioned 


+ Eastman Kodak Company. 


on the tungsten filament or crucible is 
brought up to a predetermined temperature, 
by resistive heating, this being monitored by 
an optical pyrometer.t Object and image 
distances are carefully adjusted by means of 
a calibrated, horizontal evaporation table, 
Fig. 3. The target plate is a 3 x 4in., 
meticulously cleaned, glass plate. The 
system is opened, upon completion of the 
distillation, and the target plate with its 
invisible condensed image is demounted. 
This plate is placed in a special mount 
beneath a radiation detector and the image’s 
activity determined under conditions of 
controlled geometry and __ back-scatter. 
Following assay against the pre-calibrated 
standard, the exposure period is empirically 
determined and the metal image is mounted, 


t Micro-Optical Pyrometer, Pyrometer Instrument Company. 
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by the gross-apposition technique, in juxta- 
position with the proper autoradiographic 
emulsion. Kodak X-ray no-screen was used 
successfully with energetic beta emitters, 
m.l.s. with radiation from and W}8°, 
and Kodak NTB series with W!** betas. 
The theoretical resolution limit of the order 
of 10 w was not exploited at this stage of 
development of this instrument. Best resolu- 
tion obtained was the order of 100 mw with 
an aperture of approximately this dimension. 
Ultimate autoradiographic resolution, limited 
by grain size, was not approached for the 
same reason. 

Exposure periods are dependent upon; 
one, the deposit density of the radioisotope in 
the condensed image; two, the characteristic 
radiation and its interaction efficiency with 
the emulsion; three, the half-life of the 
isotope. Exposure time in days, for a given 
isotope, may be approximated by the 
expression : 


where: 

¢ = activity assayed, in terms of the standard 
k = constant 

A = image area. 

k is empirically determined for a parti- 
cular experimental design and incorporates 
the isotopic half-life, radiation type and 
emulsion sensitivity. This expression holds 
for exposures which are small compared to 
the half life. Development may be varied to 
bring out the optimum autoradiographic 
quality or a standardized procedure adopted 
for quantitative studies. Medium lantern 
slide emulsion developed with Dektol* at 
68°F for 3 min was used in most of the 
autoradiograms shown in the following. 


Experimental distillation autoradiograms 

Fig. 4 is an illustration of the method’s 
sensitivity, incorporating both the target 
plate after exposure and the resultant 
autoradiogram. This is a distillation camera 
exposure of an inverted U-shaped crucible, 
in which the horizontal bar is tagged with 
W!85 with a specific activity of about 10 
mc/g. The distillation camera aperture was 


* Diluted with water at one part to one. 


500 microns radius, object distance was 6-2 
mm and image distance was 16-0 mm. 
Exposure on Kodak m.1.s. by gross apposition 
was for a period of 58 days. Development was 
in Dektol at a dilution of 1:1 for 3 min. The 
plate on the left is the developed autoradio- 
gram and that on the right is the camera 
target plate on which the metal image 
condensed. The glass plates are identical, 
except that the target plate has no photo- 
graphic emulsion on its surface. ‘This 
source was lightly oxidized before distillation 
and the distillation camera image formed 
was due to distillation of W!*°O, from the 
surface of the metal. Distillation was for 
160 sec at 2100°C. 

It is significant that the autoradiogram at 
the left, provided by the amplification factor 
of the photographic mechanism, shows a 
clear image of the tungsten source. It 
illustrates that the W'8°O, was evaporated 
from the entire length of the 10 mm horizontal 
bar of W!8, The target plate, at right, by 
visual inspection, appears to be free of any 
condensate. This is a clear demonstration 
of the tenuous nature of the condensed 
image which is formed. Approximation 
of the condensed image thickness by the 
radioactive tracer technique places it at 
considerably less than 1 A average thick- 
ness. 

A large number of crucible configurations 
have now been tested. Fig. 5 illustrates the 
type of distillation image obtained with three 
different radioactive isotopes, under varied 
source geometries. Fig. 5a shows, in sche- 
matic form, the crucible geometry used in a 
distillation sequence. A small mass of gold 
foil tagged with Au!®8 was supported on an 
inverted ‘U’ tungsten crucible. After heating, 
the melted droplet of Au-Au!®® formed 
a small sphere, on solidification, in the 
center of the horizontal crucible bar. ‘This 
sphere of gold was roughly 40 mils in 
diameter. The stable tungsten crucible 
wire was 20 mils in diameter. The pre- 
sumption was that this droplet of gold would 
evaporate from this very small source, upon 
the application of crucible heat, and for all 
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practical purposes would produce an approxi- 
mate point source of distillation. 

Fig. 5b is the autoradiogram which 
resulted from the distillation of the gold 
from the geometry in Fig. 5a. It can be 
seen that distillation of the Au!*® has taken 
place from the horizontal wire as well as the 
vertical lead on the right. A series of such 
evaporations from such a straight wire 
filament show this extensive creep of the Au 
charge—usually extending to both vertical 
leads.‘*1® Presumably, at high temperature 
(about 2000°C) the entire crucible was 
wetted, with the surface tension effects 
distributing the Au!%8 well down on the 
vertical supports, before distillation occurred. 
This image which was obtained with a 75 uw 
aperture shows some surface characteristics 
of the roughened tungsten filament (arrows). 
This information is in direct contradiction to 
the distillation image expected from the 
configuration given in Fig. 5a. The source 
of distilling gold is an extended source, often in 
the form of an inverted U, and instead of a 
small point about 40 mils diameter, the Au!®8 
source roughly duplicates the dimensions of 
the entire filament. Bright areas in the 
print (reversed) correspond to exposed 
regions in the autoradiogram. Camera 
exposures were at 10-4mm Hg and with a 
magnification of 2. 

Metallic chromium is a frequently utilized 
metal in shadow casting for electron micro- 
scopy. The metal is evaporated from the 
electrolytic nodule or platelet. Fig. 5c is the 
schematic representation of a stable five 
turn tungsten helix, within which a long, 
slender Cr-Cr>! nodule was supported. 
This Cr nodule was completely evaporated 
by resistive heating of the tungsten helix at 
104mm Hg. A distillation camera image 
was produced by the Cr-Cr*! distilland. 
Object distance was 7-1 mm, image distance 
was 34 mm, aperture was 500 mw, autoradio- 
graphic exposure on Kodak m.].s. emulsion 
was 7] days and development was in Dektol, 
1: 1 for 5 min. 

Distillation of the Cr-Cr®! may take one of 
three modes from this filament  confi- 
guration. The charge may distill directly 
from the surface of the nodule, or may wet 


the filament turns and distill as the gold did 
by wetting the entire filament, or it may be 
reflected and scattered within the volume of 
the helix. Presumably the distillation 
camera-autoradiograms should throw some 
light on this process. Fig. 5d is the auto- 
radiogram for the experiment as described 
above. Little structure is apparent here due 
to the relatively coarse aperture. However, 
advanced studies, with finer apertures, have 
shown that the areas of intense darkening 
at the base of the autoradiogram correspond 
to the position of the chromium charge in 
the helix. The vertical darkening above the 
region of the Cr nodule may be due to some 
wetting and creep of charge on the interior of 
the filament as well as some reflection or 
scatter within the helix. The better resolved 
autoradiograms have shown evidence for all 
three mechanisms; wetting, scatter and 
reflection. 

Fig. 5e is a distillation image resulting 
from a Cr-Cr®! evaporation under geometric 
conditions similar to those outlined for 5c. 
Five turns of the helix are delineated 
in the autoradiogram. These distillations 
were made at temperatures slightly above 
the chromium melting point. Under these 
conditions, the distilland appears to 
emanate largely from the region of the 
Cr nodule. Wetting is apparently not as 
important a mechanism as with the gold 
distillations. 

A number of distillation camera images, 
produced by distilland condensation of the 
crucible material itself were made, using 
20 mil, W?#* tagged crucible wire. An 
important aspect of these studies has been 
the concurrent investigation of distillation of 
tungsten compounds from the crucible. 
Fig. 5f is a schematic diagram of the U-type 
crucible with the horizontal bar tagged with 
W!8>, Both the horizontal bar and vertical 
W-supports have accumulated a WO, 
layer which is most heavy on_ the 
horizontal bar. Here alone (horizontal 
bar) it is presumably partially made up of 
W155Q,. 

This thin surface layer, (about 300A 
thick) was distilled off at 1900°C before a 
camera aperture of 5004. The object 
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Fic. 3. The basic vacuum distillation camera shown here consists of a movable vertical aperture plate 
(foreground), and the target holder (rear). The aperture plate is covered with a light metal contami- 
nation shield, made out of brass shim stock. Both plates may be accurately mounted on the calibrated. 
horizontal evaporation table. The crucible is positioned directly before the aperture. A small opening 
is cut in the contamination shield, which gives access to the aperture. The whole camera is covered 
with a hood (not shown) which keeps the radioactive contamination to the vacuum system at a low 
level. This hood has a small aperture in its front face through which the optical pyrometer is sighted 
on the filament. Contamination then occurs only on the interior of this hood and a small area on the 
evaporation table. The hood is disposable. 


1958 
152 


Fic. 4. Side-by-side view of autoradiogram (left) and target plate (right), made from a distillation 
camera exposure of an inverted U-shaped tungsten crucible. Radioactive W1** was used as the 
tracer in the horizontal tungsten bar. The heavy image of the horizontal bar is probably due to 
vacuum distillation of W!%°O,. The target plate shows no visible metal distillation camera image. 


Fic. 5a. Schematically shows the 
crucible configuration experimentally 
used in the following distillation camera 
exposures. Radioactive Au-eAu!®** 
was melted in the form of a 40 
mil droplet on an inverted, stable, 
tungsten U crucible in the hope of 
producing an approach to a distillation 
point source; in this case, about 0-040 
in. in diameter. 


* Designation used herein for 
metallic gold tagged with radioactive 


Fic. 5b. This is the resultant autoradio- 
gram (photographically reversed) obtained 
by the method described in Fig. 5a. The 
surface tension of the molten gold has 
covered the crucible wires and distillation 
has taken place from an extended source 
which follows the outline of the stable 
tungsten wire crucible. The right vertical 
lead was wetted by the gold here. Other 
such distillation studies have shown both 
leads extensively wetted by the molten 
charge. 
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Stable W wire 


Fic. 5d. Dark areas in this print correspond 
to areas of exposure in the autoradiogram 
made from the image produced by Fig. 5c. 
Only the five turns of the helix contacted the 
Cr-Cr*!. Intense darkening at the base of 
the helix may be due to Cr distillation directly 
from the nodule. Higher resolution studies 
have shown the remainder of the vertical 
darkening to be due to wetting, creep, reflec- 
tion and scatter within the helix. 


Fic. 5c. Shown here is the schematic represen- 
tation of a chromium charge tagged with Cr?! 
supported in a 5 turn helical, stable, tungsten wire 
crucible. This is a copy of the experimental set- 
up used in 5d and 5e. The optic axis of a distil- 
lation camera was positioned at right angles to 
the helical axis. Distillation was at 10-4 mm He. 


Tungsten 


Fic. 5f. This is a schematic represen- 
tation of an experimental distillation 
set-up in which a U-shaped tungsten 
5e. This is a distillation camera image of a P ae 7 
: crucible has been oxidized by heating 
Cr*! distillation from a helical crucible similar wee The ben 
be at atmospheric pressure. The hori- 
. zontal tungsten bar (20 mil diameter) 
is tagged with W!*°. The oxide layer 
is a few hundred angstréms thick. 
Distillation camera images were made 
. 8 . 
of this configuration to determine the 
distribution of . 
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Fic. 5g. Distillation of the oxide layer, in Fig. 5f, at high 
vacuum before a distillation camera, produced an image 
of the oxide distillation process which is reproduced in the 
autoradiogram shown here. Study of the autoradiogram 
shows the image of the vertical supports as well as the 
extensions of the horizontal bar beyond the vertical leads. 


Fic. 6. An autoradiogram, in reversal, illustrating image distortion 

of Au'®® distilled from a tungsten helix is shown in this illustration at 

the top. The image distortion which is produced by a short object 

distance and a relatively deep object results in an image in which 

the coil appears to bow towards the observer at the center (sketch 

at bottom). This additionally illustrates the extensive wetting 
possible by a small charge of gold (about 5 mg). 


Image formation of a high temperature vacuum evaporation source 


distance was 6-1 mm, image distance was 
16-4mm. Exposure on m.l.s. was for 83 
days and development in Dektol at 1 : | for 
2-5 min. Since only the horizontal bar 
contains radioactive the projected 
image should consist of a rough rectangle, 
corresponding to the silhouette of the wire. 
The autoradiographic image shown in Fig. 
5g may be seen to consist of a heavy image 
of the horizontal bar plus a light image of the 
two stable tungsten vertical supports. Pre- 
sumably some of the W1*°Q, migrates to 
this region during the heating process. 
This “wetting” at high temperature of 
the bar by W!8°O, is characteristic of all 
such distillations. 


Binary image formation, and sequential shutter 
System 

Patterns of crucible distillation confi- 
guration by binary isotope evaporation, 
reproduced autoradiographically, will not be 
shown here. However the system has been 
tested and shows considerable promise.* 
This method consists of an extension of the 


technique described in this manuscript. 
Although demanding more complex auto- 
radiographic manipulations it is a useful 
method for the study of the simultaneous 


behavior of both crucible and charge 
during the instant of distillation. Briefly 
outlined; it consists of the concurrent use of 
tagged metals in both charge and crucible. 
A single source image is produced which is a 
complex of both tagged metals deposited in 
relative amounts. These amounts are depen- 
dent upon the metal’s relative distillation 
rates. If a proper choice is made, so that 
both a long and short half-life isotope were 
made available for these metals, respectively, 
then judicious use of the charge will allow 
for the first, (short) autoradiographic expos- 
ure to be due primarily to the short half- 
lived material, if it is more abundant than 
the second isotope. The second autoradio- 
graphic exposure (after a suitable cooling-off 
period) may be made as long as necessary 
and this exposure will be due primarily to 
the long-lived isotopic component in the 
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image. Thus two images will result, one of 
which will represent the distillation of the 
charge, the other the simultaneous distil- 
lation of the refractory crucible material. 
Au! (half-life 2-69 days) and (half- 
life 73-6 days) may be used for such a 
study. 

Where there is no separation by half-life, 
two isotopes of different radiation specie may 
be used to produce the same effect. In this 
latter scheme the varied radiation sensitivity 
of the several autoradiographic emulsions 
may be used to produce separate images of 
crucible and charge. Fractional distilla- 
tion of alloys might be studied by this 
technique. 

It is convenient at this point to stress the 
potential of this system when combined — 
with a vacuum-shutter system, so as to make 
possible exposures in sequence, throughout a 
complete distillation period. This is accom- 
plished by placing a vacuum shutter, which 
is magnetically operated or motor driven, 
through a vacuum port, before the aperture 
of the distillation camera. This shutter may 
be placed before a single aperture. This 
mechanism in such a case, would allow a 
single exposure to be made at any selected 
time during the distillation sequence. Another 
shutter type is positioned before several 
apertures and allows the image to be recorded 
by only one aperture at a time. When the 
array of apertures is properly oriented, this 
will result in a series of side-by-side images 
each representative, in order, of the distil- 
lation phenomena at a particular time in the 
sequence, when that aperture was function- 
ing. Thus, a series of views can be obtained 
which show characteristics of the distillation 
phenomena dependent upon the _ time 
factor. 


Image distortion 

Image distortion which is a result of short 
object distances combined with deep, three- 
dimensional objects may be a troublesome 
factor in the evaluation of the image. Fig. 6 
consists of an autoradiogram (reversal) of an 
Au!%8 distillation from a helical tungsten 


* To be reported on in detail (manuscript in preparation). 
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crucible, above, and a schematic of the 
autoradiogram, below, which shows the 
distortion. The radioactive gold was first 
wetted and then was distilled from the turns 
of the helix. The wetting by the gold was 
rather complete and the turns of the coil were 
faithfully reproduced, except for the right 
side of the helix. The helix was roughly 
1 cm in length and about 5 mm in diameter. 
The object distance was about the same 
magnitude as the length of the helix. With 
this geometry, the distillation camera sees 
the center turns of the helix edge-on but is 
also able to see through the openings in the 
coils of the end turns of the helix. Since the 
coil’s dimension of depth is large relative to 
the object distance, this results in a distortion 
in which the helix appears to be bowed 
outward, towards the observer, at the center. 
Although generally a disturbing factor, the 
distortion in this case imparted additional 
information regarding the distillation of 
Au!%8 from the coil’s interior. 


Health physics considerations 


The radiation hazards associated with the 
use of radioactive isotopes in vacuum tech- 
nology generally fall into two categories. 
The first is the problem of contamination 
with the attendant hazards of skin contami- 
nation, injestion, etc. The second is the 
hazard of whole body radiation. The first is 
relatively easy to confine but requires the use ot 
all the varied techniques of the radioactive 
isotope laboratory when working with these 
radioactive materials at a vacuum system. 
The use of gloves, shielding, remote tech- 
niques and containment are all important. 
One of the best techniques involves the 
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construction of a disposable condensing 
surface or hood surrounding the radioactive 
distillation. In this way most of the radio 
active material, not used experimentally, is 
condensed on this disposable surface. This 
then may be placed in proper disposal with 
other radioactive wastes. Aluminum foil 
of the heavy wrapping type has been found 
useful for this purpose. The experimental 
design for such work offers automatic con- 
tainment since most of these metals condense 
on the surrounding system surfaces, or the 
hood, as described; but seldom reach the 
valve and pump portion of the system. 
Some salts of P?? and I13! demonstrated their 
ability to reach regions of the system 
involving 2—4 right-angle turns in vacuum. 
Distillation of such materials has proved to be 
more difficult than the metals described 
herein. 

The whole-body radiation hazard has 
proved to be negligible where microcurie 
amounts of tagged metals are distilled. 
However where these condensed experi- 
mental wastes (within the bell jar and other 
interior surfaces) are not disposed of; or 
where high resolution work demands the use 
of millicurie charge amounts, then the whole 
body radiation hazard becomes appreciable, 
with continued work. This exposure may be 
greatly reduced by the use of short-lived 
isotopes and the constant attention to proper 
disposal. Contamination and radiation from 
the exterior sources go hand in hand. When 
the contamination from each evaporation is 
carefully disposed of, then no opportunity 
exists for a spread of the contamination or a 
build-up of the local radiation source within 
the bell jar. 


SUMMARY 


This technique has proved to be highly 
_successful in the production of an image, true 
in quantitative detail, of a distillation source 
at the instant of evaporation. The method 
gives an accurate representation of the 
various regions of origin of distilling molecules 
from the hot crucible. The technique has, in 
preliminary work, uncovered unsuspected 
facts regarding the evaporation mechanism 


of certain sources. The sensitivity is of a 
high order. The system is capable of auto- 
radiographically reproducing a condensed 
image which may total 10-!°¢, or less, in 
mass. Total distillations below 1 mg may be 
detected with the apparatus described herein. 
The camera has proved particularly useful in 
the distillation of very small charges. Charge 
mass limits for the system are of the order of 
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one microgram where the specific activity is 
1 mc/mg and where an efficient radiation- 
emulsion relation exists. In addition, the 
technique may be also used with much larger 
charge masses with equal facility. Some 
additional potential for the method exists in 
binary isotope distillation, multiple exposures 
through an evaporation sequence, use of a 
shutter system, study of the effects of 
vacuum pressure on distillation, effects of 
crucible temperature, study of various cru- 
cible configurations and of evaporation 
directly from the crucible material. 
Disadvantages of the autoradiographic 
distillation camera include problems asso- 
ciated with radioactive contamination and 
whole body radiation, lengthy exposure 
periods and the necessity for considerable 
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special instrumentation and_ extensive 


facilities. 
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Red blood cells are easily labelled with Cr®! and blood plasma is readily tagged with T°. 
However, the proximity of the principal gamma energies of these two isotopes complicates the 
use of differential pulse height analysis techniques for the measurement of doubly labelled 
blood. Instrumentation for accomplishing this procedure includes a 3 in. well-type scintil- 
lation counter operated with two single-channel differential pulse height analyzers. A method 
is presented for setting up two channels with the analyzers to obtain adequate separation of 
Cr®! and ['%1_ A simple correction for the cross-channel activities is shown. The accuracy of 
the method is evaluated by the assay of mixed Cr®*! + [/8! sources prepared gravimetrically. 


COMPTANT A DEUX CANASEURS DES RAYONNEMENTS GAMMAS 
DU ET DE 


Les globules rouges sont facilement marqués par Cr®!, et le plasma par I}8!,_ Néanmoins, la 
proximeté des énergies gammas principales de ces deux isotopes complique l’usage de l’analy- 
seur d’impulsion differentiel pour mésurer du sang doublement marqué. Parmi les instruments 
qui accomplissent ce procédé il y a un crystal de 3 in. avec un puits qui a le diamétre d’une 
éprouvette accouplé dans deux analyseurs d’impulsions simultanés. On présente une méthode 
qui accomplit une séparation suffisante de Cr*! et de 1!31 4 l’aide de deux canaux individuels 
accouplés avec un seul crystal a puits. La précision de cette méthode est évalueé par l’examina- 
tion des sources de Cr! et I}8! mélangés qui ont été préparés d’une maniére gravimétrique. 


JIBY XKAHA-IBHAA PEPHCTPAIMA Cro? 1132, 

Jerko Cr>!, a Kpopu—c 1131, Ogquako 
U3MepeHHM AKTHBHOCTH KPOBH C TBOMHOM MeTKOM MaJible B OCHOBHOTO 
aMILIMTYAHOH Annapatypa IA Takoii 
cXeMa KaHaoB, perncrpanmio Cr5! 131, 
Bsogurca mpocrad yueTa TouHocrh meroya 
mpoMepa mpenapatos Cr>! + B 
Bue CMeceii C 3a,aHHbIM KOMIOHEHT. 


GAMMA-MESSUNG VON Cr*! UND TP! MIT ZWEI KANALEN 


Rote Blutkérperchen kann man leicht mit Cr*! und Blutplasma mit I}! markeiren. Jedoch 
die Nahe der prinzipalen Gamma-Energien dieser beiden Isotope erschwert die Anwendung 
der Differential-Puls-héhenanalysentechnik zur Messung doppelt markierten Blutes. Unter 
den Instrumenten zur Durchfiihrung dieses Verfahrens befindet sich ein 3 in. schachtahnlicher 
Scintillationsdetektor mit dem zwei separate Kanal-Differential-Pulshéhen-Analysatoren, ein 
jeder mit einem einzigen Kanal, verbunden sind. Es wird eine Methode gezeigt, bei der zwei 
Kanale mit den Analysatoren eine ausreichende Trennung von Cr*! und I}8! erlangen. Es 
wird eine einfache Korrektion fiir Kanaliiberkreuzungsaktivitat gezeigt. Die Genauigkeit 
der Methode wird durch die Bestimmung gemischter Cr*! + T/3! Quellen, die gravimetrisch 
vorbereitet sind, gepriift. 


156 


Two-channel gamma counting of Cr?! and 1} 157 


Tue authors wished to measure the relative 
flow rates of red cells and plasma in the dog 
with a well-type scintillation counter and 
with continuous sampling of blood doubly 
labelled with Cr*! and 

The principal photopeaks of and 
at 0-32 MeV and 0-364 MeV are too close 
together for convenient separation (Figs. | 
and 2). The 5-5 keV characteristic vanadium 
X-radiation from Cr*! K capture is below the 
detectable energy range of the well counter. 
Other investigators have used the 0-64—0-72 
MeV photopeaks of I}! for two-channel 
counting,” but the statistical accuracy of 
this method is limited because only about 
12 per cent of the I'*! decays through these 
energies. 

For these reasons the authors have em- 
ployed two single-channel precision differen- 
tial pulse height analyzers, designed by 
Francis to provide reasonably good separa- 
tion of the principal Cr*! and I?*! photopeaks 
as obtained from a 3 in. well-type scintil- 
lation counter. The no. | channel, for Cr?! 
(Fig. 3), is centered slightly towards the low- 
energy side of the 0-32 MeV photopeak. The 
no. 2 channel, for I'*! (Fig. 4), is shifted 
toward the high-energy portion of the 0-364 
MeV photopeak. With a pure Cr*! source 
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Fic. 1, Spectra of Cr®! and [)*! obtained from 3 in. Nal 
well crystal. 
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Fic. 2. Channel positions for the simultaneous counting 
of Cr*! and 
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Fic. 3. Relative response of the channels to a Cr*! source. 
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the counting rate on channel no. | is pro- 
portional to the area R, of Fig. 3. Some Cr*? 
activity, proportional to the area K,R,, also 
appears on channel no. 2. With a pure I?" 
source the counting rate on channel no. 2 is 
proportional to the area R, of Fig. 4. A 
small amount of I}*! activity also appears on 
channel no. 1, proportional to the area K, Ry. 
With a mixed Cr*! + [81 source the counting 
rate on channel no. | is proportional to the 
area R, from Cr*! plus the superimposed 
area K,R, from I'*!. The counting rate on 
channel no. 2 is proportional to the area R, 
from J}8! plus the superimposed area K,R, 
from Cr*!. These relationships are shown 
algebraically : 
A, = R, + K,R, = total activity counted 
on channel no. 1, 
and 
A, = R, + K,R, = total activity counted 
on channel no. 2. 
It may be shown that 
Ay 


on channel no. 1, 


for 
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Fic. 4. Relative response of the channels to an I!*! source. 


and similarly 
= = activity appearing 
on channel no. 2. 


K, is easily obtained by dividing the count- 
ing rate on channel no. 2 by that of channel 
no. | when a pure Cr*! source is placed in the 
well. Similarly, K, is measured by dividing 
the rate on channel no. | by that of no. 2 
when counting a pure I}*! source. With 
proper channel adjustments, the K values 
can be kept within 0-06—0-08. Since the 
product KK, is less than 0-01, the denomi- 
nator of the above equations may be 
considered unity. 


Therefore R, ~ A, — K,A, 
and R, = A, K,A,. 


The degree of channel separation obtain- 
able is limited by the width of the photo- 
peaks. With the instrumentation employed 
by the authors, the half-width at 0-32 MeV 
is about 11 per cent and decreasing to 8-3 
per cent at 0-64 MeV. In our experience a 
conventional well crystal of 1? in. diameter 
is unsatisfactory, giving half-widths of the 
order of 30 per cent. 
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Fic. 5. Variation of the cross-channel contribution con- 
stants with multiplier tube voltage. 
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Tase |. Two-channel counting of mixed Cr*! and I'*! sources 


Channel no. | Channel no. 2 


Source 


No. 
No. 
No. 
No. 
No. | 
T!8! std. 36: 35: K, = 0-075 


E = 30:8 V AE =2V E = 35:2 V 
Background = 0-3 Background = 0-5 


Time counts/sec A, Time counts/sec As 
(sec) (net (sec) (net 
counts/sec) counts/sec) 


0-9942 g Cr®l std. : Average A, = 581 Average K, = 0-078 
0:9655 g [81 std. : Average A, = 478 Average K, = 0-073 


2. Determining source strengths in Cr®! and mixtures 


strengths 


Mass solution 


Mixed A, — 
Source —_(counts/sec) (counts/sec) (counts/sec) Calculated Gravimetric 


(g) (g) 


0-1009 
0-5000 
0-9957 
2-0097 
2-0213 


strengths 


Mass solution 
Med | = R, 
Source __(counts/sec) (counts/sec) (counts/sec) Calculated | Gravimetric 
(g) 


0-1020 0-1008 
0-4940 
0-9885 
1-0052 
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Cr! std. 12800 21-7 590 590 «1280-288 44-5 44-0 | K, =0-0745 
P31 std. | 1280 36-6 35-0 34-7 | 12800 26-2 488 488 K, = 0-071 
3 
1958 
(%) 
No.1 | 647 4] 60-6 0-1036 42-7 
No.2 | 317 19 298 0-510 
No. 3 610 39 571 0-978 —i8 
No.4 | 1210 77 1133 1-938 —3-6 - 
No.5 | 1190 44 1146 1-962 —29 
(%) 
| | | 
No. 1 55-5 5-0 50:5 +1-2 
No.2 | 264 25 239 —2-6 
No. 3 532 48 484 —1-2 
No. 4 1060 94 966 a 
No. 5 600 93 507 +1-6 
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TaBLe 3. Twenty consecutive determinations of 10 mixed Cr®! + I!*! sources 


Mass solution 
Mixed 


Mass solution 


| Gravimetric 


(g) 


Source Calculated 


Error Calculated Gravimetric Error 


(%) | 


(g) (%) 


0-1009 
0-5000 
0-9957 
2-0097 
2-0213 
1-0002 
1-0018 
0-1970 
0-1935 
0-4989 
0-1009 
0-5000 
0-9957 
2-0097 
2-0213 
1-0002 
1-0019 
0-1970 
0-1935 
0-4989 


o 


(g) 


0-1008 
0-4940 
0-9885 
1-9911 
1-0052 
1-9830 
0-1997 
1-0034 
0-4880 
0-1995 
0-1008 
0-4940 
0-9885 
1-9911 
1-0052 
1-9830 
0-1997 
1-0034 
0-4880 


| 0-1995 


Mean dev. 2-2 per cent 
Average — 1-33 per cent 
Std. dev. +2-26 per cent 


Usually the two analyzers are not exactly 
in calibration with each other. Moreover, 
slight drifts in amplifier gain, high-voltage 
supply, and photomultiplier tube perfor- 
mance cause the channels to deviate some- 
what from optimum conditions. As a result, 
the constants K, and K, are subject to 
fluctuations. Typical variation of the K’s 
with tube voltage is shown in Fig. 5. In order 
to correct for such drifts, the instrument is 
frequently realigned against a pure Cr°! 
source. Minute drifts in gain are usually 
corrected by a change of 1 V or less in the 
high-voltage supply. 

Two-channel counting has also been 
carried out with only one analyzer, employ- 
ing the pulse height discriminator circuit of 
the linear pulse amplifier for the I’! channel. 
However, the background is then increased 
from about 0-5/sec to approximately 5/sec. 


Mean dev. 2:0 per cent 
Average +-0-11 per cent 
Std. dev. +2-39 per cent 


The authors have evaluated the accuracy 
of this two-channel method by the assay of 
mixed Cr®! + sources prepared gravi- 
metrically. The results of this study are 
presented in tables 1, 2 and 3. 

This method of two-channel counting has 
proved useful in blood circulation studies 
where continuous sampling of rapidly fluc- 
tuating activity makes other methods im- 
practical or statistically inaccurate. 

The pip-interval method of recording these 
rapidly changing counting rates has been 
developed and previously reported by the 
authors.) 


This investigation was supported in part 
by research grant no. H2195 from the 
National Institute of Health and by a grant 
from the Los Angeles County Heart Associa- 
tion. 


REFERENCES 


1. Francis J. E., Bert P. R., and Harris C. C. Nucleo- 
nics 13, No. 11, 82 (1955). 
2. Van Rennes A.B. Nucleonics 10, No. 8, 22 (1952). 


3. Crane M. G., Apams R. and Woopwarp I, 
J. Lab. Clin. Med. 47, No. 5, 802 (1956). 


160 
No 01021 +12 | 0-104 | +3-2 
No 0-507 +1-4 0-490 | —0-8 
No 0-980 —16 | 0-976 —1-2 
No 1-88 1-914 —3-9 
No 1-93 —4-5 0-994 
No 0-993 —0-7 1-942 
No 0-980 —22 | 
No 0-198 405 | 1-016 | 
No 0-191 0-476 —2-5 
No 0-490 —18 | 0-200 +0-3 
No 0-103 42:1 0-1014 40-6 
No. 0-508 +1-6 0-480 | +2-8 
0-975 0-974 | 
No. 1-925 —4-2 1-940 | —2-6 
No. 1-955 —3-3 1-022 | +1-7 
No. 0-979 ae, | 1-974 | —0-5 
No. 0-985 —1-7 0-206 | +31 
No. 0-1925 | —2-3 1-060 | +5:7 
No. 0-1910 —[-3 0-486 | —0-4 VOI 
No. 0-500 42-2 0-195 3 


International Journal of Applied Radiation and Isotopes, 1958, Vol. 3, pp. 161—165. Pergamon Press Ltd., London 


Chromatographic Techniques for 
Separation of Iodinated Thyroid 
Products from Human Urine* 


E. I. SHAW and R. GOLDSBY 
Radioactive Isotopes Research Laboratory 
University of Kansas, Lawrence, Kansas, U.S.A. 


(Received 20 Fune 1957) 


The low concentration of iodinated thyroid products in human urine necessitates either 
the concentration of these compounds or the application of large volumes of urine to papers 
for the production of paper partition chromatograms. Present day techniques of electrolytic 
desalting or separations on ion exchange resins are not practicable in this case. Too large a 
fraction of the low molecular weight iodinated compounds are lost through electrolytic 
desalting in addition to partial deiodination of some of the compounds. Thicker than ordinary 
membranes partially eliminates the former effect. The possibility of loss of small quantities 
of unknown compounds is always present when ion exchange resins are used. Water saturated 
butanol extraction of urine for concentration of the iodinated compounds is less dangerous 
when the residual urine or fresh urine is also chromatographed for comparison. Unfortunately, 
butanol extracts also concentrate many of the organic and inorganic compounds which interfere 
with the flow of the iodinated thyroid products so they have disadvantages similar to those in 
applying large volumes of urine to the papers. 

‘Two dimensional chromatography diminishes the need for removal of interfering substances 
such as urea and inorganic salts. Through use of the proper solvents, the iodinated compounds 
can be chromatographed free of the interfering substances in the first dimension and sub- 
sequently separated from each other by the use of a different solvent in the second dimension. 
Volumes of urine as large as 1 ml have been applied to 18 x 22 in. papers and reasonably 
good separations obtained. Much oxidation and artifact formation takes place in butanol- 
dioxane ammonia solvents, but this is partly controlled with cyanide. Pure amino acids and 
thyroid hormones on paper chromatograms in the presence of iodide are more subject to 
oxidation and exchange of I/#! for stable iodide than the same compounds on chromatograms 


of urine. 


METHODES CHROMATOGRAPHIQUES POUR SEPARER LES PRODUITS 
THYROIDES IODES DE L’URINE HUMAINE 


La concentration diminutive des produits iodés de la thyroide dans l’urine humaine 
nécessite ou la concentration de ces composés ou bien l’application de grandes quantités 
d’urine aux feuilles de papier pour produire les chromatogrammes a partition sur papier. 
Les techniques du jour, le désalage électrolytique ou la séparation sur les résines a échange 
d’ions, ne sont pas praticables dans ce cas. Une trop grande partie des composés iodés de poids 
moléculaire diminutifs se perdent dans le désalage électrolytique, en plus d’une dé-iodation 
partiale de certains des composés. Des membranes plus épaisses que d’ordinaire enlévent 
en partie le premier effet. I] est possible toujours de perdre de petites quantités de composés 
inconnus lorsque s’emploient les résines 4 échange d’ions. L’extraction de l’urine par le 
butanol saturé d’eau pour concentrer les composés iodés entraine moins de risque quand 
urine résiduelle ou l’urine fraiche est également chromatographiée pour faire la comparaison. 
Malheureusement les extraits au butanol concentrent aussi beaucoup des composés organiques 


* This work was supported by Atomic Energy Commission Contract No. AT(11-1)-303. 
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et inorganiques qui interviennent a l’écoulement des produits iodés de la thyroide, donc les 
désavantages sont pareils 4 ceux dans l’application de grandes quantités d’urine aux feuilles 
de papier. 

La chromatographie a deux dimensions diminue le besoin d’enlever les matiéres inter- 
venantes, telles que l’urée et les sels inorganiques. Par l’emploi des solvants convenables, 
les composés iodés peuvent étre chromatographiés libres des matiéres intervenantes dans la 
premiére dimension et ensuite séparés l’un de l’autre en utilisant un différent solvant dans la 
deuxiéme dimension. Des quantités d’urine aussi larges que 1 ml. ont été appliquées a des 
feuilles de 18 x 22 inches, ce qui a donné d’assez bonnes séparations. Beaucoup d’oxydation 
et de formation d’artéfacts ont lieu dans les solvants a la dioxane de butanol avec l’ammoniaque, 
mais le cyanure y donne une limitation quelleconque. Les aminoacides purs et les hormones 
de la thyroide, sur chromatogrammes en papier en présence de l’iodure, subissent plus 
d’oxydation et d’échange de I?! avec l’iode stable que ne font les mémes composés sur les 


chromatogrammes d’urine. 


METO]L PAS 
WPOTYRTOB M8 MOUM YEJIOBERA 


HAXOWATCA B MOYe B CTOJIb MAJIbIX 
1160 BelecTB, HaHeceHue Ha GyMary 
0ObeMOB COBPeMeCHHbIe BbICATMBAHNA WIM 
TIOMOU{b10 HOHHOOOMeHHBIX CMOJI B C.Jly¥ae 
TOpbIX 43 9THX BeulecTB. adpekTOB YacTH4HO ycTpaHAeTCA TyTeM 
MOHHOOOMCHHBIX CMO BCera CyllecTByeT OMacHOCTh 
HeMSBeCTHHIX BeulecTB. Meroy HOMpOBaHHBIX BeleCTB 13 MOUM B 
BLITHAKKe MeHee CCIM TOIbKO OJHOBPeMeHHO CPaBHeHHA 
akCTpakTaX Tak*Ke MHOrHe Opranmueckne M BellecTBa, 

J[pyxMepHast XpoMaTorpaduA yMeHbUlaeT TpeOOBAaHHA K BeeCcTB, 
TakKMX Kak MOYeBMHA M comm. Ecan pacTBo- 
pireim, TO B TepBoM yyaeTcH 
oT Wpyra. Io sromy Ha Gymary pasmepom 18 x 22 HaHOCHTCA 
1 Mol MOUM OCTHPaeTCA OTHOCHTe.IbHO B kavecTBe pacTBOpHTedA 
AMMHAK, TO IPOMCXOAMT MHTCHCHBHOe M BOZHMKaeT 
MHOrO apTedakTOB, YTO OTYACTH yaeTCH MpeOTBpaTHTb C TOMOMbIO Ecan 
XpoMaTorpadMA IIpMMeHHeTCA JIA OUMINCHHBIX AMMHOKHCIOT M TepeOMHBIX 
PrOpMOHOB B TO Mpomecchl OKMCIeHHA OOMeHa Ha 
HOAMA UrpawrT eCIM Te B COCTaBe 


CHROMATOGRAPHISCHE METHODE ZUR TRENNUNG IODIERTER 
SCHILDDRUSENPRODUKTE IM MENSCHLICHEN HARN 


Die niedrige Konzentration von iodierten Schilddrisenstoffen im menschlichen Harn 
erfordert entweder eine Konzentrierung dieser Verbindungen oder die Anwendung grésserer 
Harnmengen auf das Papier zur Erzielung von Papierchromatogrammen. Die heute iiblichen 
Methoden der elektrolytischen Entsalzung oder Trennung in Ionenaustauschern sind hier 
nicht anwendbar: Ein zu grosser Bruchteil der iodierten Verbindungen geht durch die 
elektrolythische Entsalzung verloren, iiberdies erfogt eine teilweise Entiodierung. Der 
erstgenannte Effekt kann zum Teil durch Beniitzung dicken Membranen wettgemacht 
werden. Bei Verwendung von Ionenaustauschern besteht immer die Méglichkeit, dass kleine 
Mengen unbekannter Verbindungen verlorengehen. Extraktion mit wassergesattigtem 
Butanol zur Konzentrierung der iodierten Verbindungen ist diesbeziiglich weniger gefahrlich, 
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vorausgesetzt, dass der Restharn oder der frische Harn zum Vergleich eben falls chromato- 
graphiert wird. Leider werden durch Extraktion mit Butanol auch viele andere organische 
und anorganische Verbindungen konzentriert, welche den Fluss der iodierten Schilddriisen- 
stoffe auf dem Papier beeintrachtigen kénnen, so dass sich auch hier wieder der Nachteil 
ergibt, dass grosse Harnmengen verwendet werden miissen. 

Bei zweidimensionaler Chromatographie ist die Notwendigkeit, storende Substanzen, wie 
z.B. Harnstoff oder anorganische Salze zu entfernen, geringer. Durch Verwendung von 
geeigneten Loésungsmitteln kénnen die iodierten Verbindungen frei von Stérsubstanzen 
zunachst in der einen Richtung chromatographiert und hierauf unter Verwendung eines 
anderen Lésungsmittels in der zweiten Richtung von einander getrennt werden. Harnmengen 
bis zu 1 ml wurden auf 18 x 22 in. Papier angewendet und dabei eine recht gute Trennung 
erhalten. Reichliche Oxydierung und Artefacten treten bei Verwendung von Butanoldioxa- 
nammon-Lésungsmittel auf, was durch Cyanide teilweise ausgeglichen werden kann. Reine 
Aminosauren und Schilddriisenhormone auf Papierchromatogrammen in Gegenwart von Jod 
oxydiern mehr und tauschen [!%! gegen stabiles Jod leichter aus, als die gleichen 


Verbindungen auf Chromatogrammen von Urin. 


Many patients are referred to radiologists 
for tracer studies to aid in the diagnosis of 
suspected thyroid disorders. Frequently, the 
clinical evidence is contradictory. Iodine- 


131 uptake studies by the thyroid gland 
frequently indicate the patient is in the 
euthyroid range but the patient may exhibit 
clinical or emotional symptoms of certain 
thyroid disorders. The thyroid of many of 
these patients may have localized areas 


of increased tracer uptake indicating the 
presence of an adenoma, but the total uptake 
still may be in the euthyroid range. This 
study was initiated in order to attempt to 
provide a more sensitive clinical test that 
could detect borderline cases of thyroid 
dysfunction and to aid in the further 
clarification of the basic mechanisms operat- 
ing in the metabolism of iodine and the 
thyroid products. 

The development of radiochromatographic 
techniques for the study of thyroid products 
present in urine seems necessary for several 
reasons. Radiochromatography appears to 
be the choice method for the concentrations 
and total quantities of hormones with which 
one deals are far below the level of sensitivity 
of the ordinary chemical methods. ‘The 
investigation of urine is indicated by the fact 
that one may obtain considerably larger 
volumes of urine than of plasma. Ifnecessary 
the total daily excretion may be collected. 
Urine may be obtained with little or no 
emotional disturbance of the patient, whereas 
withdrawal of blood samples is a source of 


emotional trauma to be avoided. Also, the 
removal of blood samples requires the 
services of a medical technician or other 
equally well trained personnel for its 
collection. 

There are many disadvantages to the study 
of urine. The thyroid products are present in 
very low concentrations. There are present 
high concentrations of other compounds 
which interfere with the radiochromato- 
graphic procedures. The urine contains only 
those thyroid products eliminated by the 
kidney. The latter point indicates that 
studies on urine will have to be correlated 
with comparable studies on plasma in order 
to contribute to the understanding of iodine 
and thyroid product metabolism in patients 
suspected of having thyroid dysfunction. 

Special techniques were adapted to the 
radiochromatographic analysis of urine for 
thyroid products. The techniques mentioned 
below were developed through their use on 
urine of patients who received tracer doses 
of 50 we of iodine-131. Since the urine 
contains very low concentrations of thyroid 
products and concentration by evaporation 
of the water from urine leads to an increase 
in concentration of interfering substances, 
concentration by extraction with three equal 
volumes of butanol proved to be more 
satisfactory. BENUA and Dosyns showed 
that butanol extraction of plasma would 
remove almost all of the thyroid products. 
Acid pH were avoided because they favor 
isotopic exchange.@3) The extracts were 
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then reduced in volume by reduced pressure 
or vacuum distillation at room temperature. 
Unfortunately, butanol dissolves urea, salts 
and other amino acids to the extent that 
they interfere markedly with the chromato- 
graphy of the thyroid products. The com- 
pounds on the chromatograms produced 
large diffuse spots; not small distinct ones. 
This results in overlapping of spots and no 
distinct separations. Electrolytic desalting 
of urine did not prove feasible for it caused 
isotopic exchange and loss of the low mole- 
cular weight thyroid products. These inter- 
fering substances were removed by two 
methods. The large urea component of 
urine was eliminated through enzymatic 
digestion by urease. About 30 mg of urease 
were added to 20 ml of urine buffered at 
pH 5 with 0-5 ml of 3 N acetate buffer. 
After incubation for 30 min to one hour at 
40°C the degradation of urea to carbon 
dioxide and ammonia was usually complete. 
Butanol extraction of the urine as described 
above removed the thyroid products and 
left the denatured urease in the water layer. 
After the butanol extracts were reduced in 
volume to about 1 or 2 ml, the butanol 
extract was shaken with an equal volume of 
distilled water to remove the excess of highly 
water-soluble amino acids and the salts. 
The resulting chromatograms gave clear 
separations of the components of the extracts 
and yielded sufficiently high concentrations 
of thyroxine for the compound to be detected 
by autoradiography. 

The ninhydrin reaction and autoradio- 
graphy were used to detect the iodine-131 
labeled thyroid products. Two dimensional 
chromatography was preferred because this 
prevented the superposition of the iodine 
and iodide complexes over the thyroid 
products if the solvents were selected 
judiciously. Also great care must be used 
in the selection of solvent systems for 
chromatography in order to prevent artifact 
formation for the presence of “new unknown 
compounds’, the loss of compounds known 
to be present and changes in the degree of 
labeling of compounds may be caused by 
certain solvent systems. Acid solvents are 
to be avoided for they allow the formation 
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of free iodine from iodide.) Free iodine 
in turn may cause isotopic exchange in 
iodinated compounds resulting in tracer 
labeling of previously unlabeled compounds, 
and also oxidative degradation of com- 
pounds. Solvents that are capable of 
performing oxidations, forming peroxides, or 
complexes with iodides or iodine should be 
avoided. Dioxane is one of the more 
dangerous artifact producing solvents. 
Further care should be taken to prevent 
possible oxidations by including reducing 
agents such as HCN, thiosulfate ion, or 
thiourea. 

The solvent systems that gave the best 
separations and the least artifact formation 
were n-butanol saturated with 6-8 N ammo- 
nium hydroxide, and tertiary-amyl alcohol 
saturated with 6-8 N ammonium hydroxide. 
In both cases 0-5 g of thiourea was included 
per liter of the alcohol during its saturation 
with ammonia. Both the water rich and 
alcohol rich phase were added to the bottom 
of the chromatography cabinet for equilibra- 
tion of the papers. Equilibration time was 
3-6 hr. Orange II was used as a marker 
to determine the rate of flow of the solvent. 
It has approximately the same Rf value as 
thyroxine in many solvents. 

Autoradiograms of chromatograms were 
made by taping the dry autoradiograms to 
14 x 17 in. no-screen X-ray film and storing 
them in cassettes made of two 16 » 18 in. 
rectangles of 24 gauge aluminum sealed 
along the edges with paper and masking 
tape. These cassettes are relatively inex- 
pensive and are sufficiently dense to allow 
the cassettes to be stacked upon each other 
without appreciable passage of beta particles 
from one cassette into the next. Films and 
chromatograms are notched simultaneously 
along several sides so that the same registry 
may be obtained for comparison of the 
chromatogram and the autoradiogram after 
the development of the film. Exposure was 
usually 16 days which allows approximately 
three fourths of the iodine-131 to decay. 
Longer exposures do not appreciably increase 
the dose to the film. 

These techniques have provided us with 
practical methods of analyzing urine. Besides 
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producing clean separations of the amino 
acids and yielding a sufficiently high con- 
centration of thyroxine to be detected by 
autoradiography, one autoradiogram demon- 
strated the presence of a ninhydrin nega- 
tive compound which had an Rf value 
intermediate between thyroxine and tri- 


iodothyronine in the tertiary amyl alcohol-6 
N ammonia system. The compounds having 
such properties are tetraiodothyropyruvic 
acid and tetraiodothyroacetic acid.“ Other 
unidentified radioactive spots are occasionally 
present on autoradiograms of chromatograms 
of urine from patients. 
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Skin Sparing with Cobalt-60 Teletherapy— 
Comment on Cone Design 


NORMAN SIMON, SIDNEY M. SILVERSTONE 
and STUART I. GURMAN 


(Received 28 Fune 1957) 


Skin reactions in patients treated with Co® teletherapy at short cone-to-skin distances are 
mildest when an electron filter of intermediate atomic number closes the end of the cone. 
If the end of the cone is open the secondary electrons from the walls of the collimator increase 
markedly the severity of the skin reaction. 


OBSERVATION SUR LE DESSEIN DU CONE POUR DIMINUER LE VO! 
MAL FAIT A LA PEAU PAR LA TELETHERAPIE AU Co® 3 
La réaction de la peau des patients qui ont subi la téléthérapie avec le Co® a des distances 19: 


minuscules du céne a la peau est la plus légére lorsqu un filtre électronique de nombre atomique 
de valeur moyenne ferme le bout du céne. Si Je bout du céne est ouvert, les électrons secon- 
daires provenant des c6tés du collimateur produisent une augmentation marquée dans la 
gravité de réaction de la peau. 


COXPAHHOCTb TPM KROBAJIBTOBON TEPAIIMNM 
OBECHEYMBAETCA KOHCTPYRIMENM TY BYCA 
TYOyCa 20 KOAM, PeakIMA, BECbMa YMepeHHOli, TYOyca 
U3 BellecTBa CO CpeHMM ATOMHBIM HOMePOM 
oTkpbITOM KOHYe TyOyca M3 CTeHOK 
KOIMMaTOpa, 3AMeTHO VCHIMBAIT KOKHYW peak. 


DISKUSSION UBER TUBUSKONSTRUKTION EINER Co® TELETHERAPIE- 
KANONE ZUR ERZIELUNG MOGLICHST GERINGER HAUTSCHADIGUNGEN. 


Hautreaktionen an Patienten bei Co® Teletherapie mit kurzem Tubus-Haut Abstand 
sind am schwachsten, wenn ein Elektronenfilter von mittelschwerem Atomgewicht nahe des 
Tubusendes verwendet wird. Ist der Tubus an dem Patienten zugekehrten Ende offen, 
dann verstarkt das Auftreten von Sekundarelektronen, die in den Kollimatorwanden ausgelést 
werden erheblich den Grad der Hautschadigung. 


Tue relative sparing of the skin with Co® 
teletherapy is one of the most important 
advantages of this type of beam therapy 
over X-rays in the 250 kV range. Applicators 
or cones of cobalt teletherapy apparatus 
should be designed to take advantage of this 
sparing of skin and to comply with the results 
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of the study on skin dose from Co* tele- 
therapy units by RicHARDson, KERMAN and 
Brucer in 1955. These workers showed in 
studies in phantom that the region of electron 
build-up in the skin is affected by cone 
design. At short cone-to-skin distances 
electrons from the collimating systems of a 


Fic. 1 (a and b). An open-end cone (a) whose aperture is 6-7 x 9-2 cm is applied 

(b) in contact with the skin (source-skin distance 30cm). The skin is uncovered 

in the central third of the field, but the two outer thirds of the field are covered by 
Plexiglas (3-6 mm thick) and brass (0-4 mm thick). 
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Fic. 2 (a, b, c and d). The inguinal region (a) of a 17-year-old female was 

treated for metastatic neuroblastoma. For each treatment the brass and Plexiglas 

filters were placed in the same position. The skin of the inguinal region shows a 

mild erythema (b) at the open portion of the field after an exposure dose of 4000 r 
with Co® in 17 days (300 r each treatment five times weekly). 


£000, | 


After one month of treatment with an exposure dose of 5000 r (c) the skin in 
the “‘open” area is denuded, while the reaction under the brass and Plexiglas 
is only a dry erythema. One month after an exposure dose of 6000 r in 4 weeks 
(d) the denuded skin under the ‘‘open” area is still granulating while the 
adjacent skin treated with brass and Plexiglas filters in place shows little evidence 
of the rather high dose of radiation to which this usually sensitive area of skin 
has been exposed. Two months after treatment was completed epithelialization 
was complete. 
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Fic. 3 (a, b, c and d). The skin of the buttock of a 50-year-old female 

(a) was treated for recurrent carcinoma of the uterus. The treatment was 

administered as described above, but the exposure dose was 5600 r in 24 days. 

On completion of treatment (b) there was only a mild erythema, more prominent 
in the ‘‘open”’ area. 
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One month after completion of therapy (c) the skin in the ‘‘open” area and under 

the Plexiglas was still denuded and painful. Under the brass the skin remained 

intact. Even 8 weeks after therapy (d) epithelialization was not complete. This 

disturbing reaction of the skin of the buttock did not heal completely until three 

months after treatment, and the subcutaneous tissue beneath the treated skin is 

firm and fibretic, a finding not seen where similar skin areas are treated with cones 
containing brass electron filters. 
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Fic. 4 (a and b). Pretreatment appearance of the skin (a) over the sacrum 

in a 65-year-old male who had recurrent rectal carcinoma. Denudation of 

skin (b) 8 weeks after an exposure dose of 5700 r in 16 days. The reaction is 

most intense in the skin of the central unfiltered area, somewhat less intense under 
the Plexiglas filter and hardly discernible under the brass filter. 


Skin sparing with cobalt-60 teletherapy—comment on cone design 


Co® unit contaminate the beam and increase 
the dose of radiation to the skin. 

Short source-to-skin and cone-to-skin dis- 
tances have become extremely useful in the 
treatment of patients with cancer because of 
the favorably rapid fall-off of dose in the 
treatment of superficial tumors and the 
relatively increased output of radiation. 
For any given Co® unit an increase in the 
output results in a decrease of the “on” time, 
and protection requirements are correspon- 
dingly reduced. These advantages are par- 
ticularly important in the use of those 
hectocurie units designed to treat at short 
source-to-skin and cone-to-skin distances. 

The present study is planned to determine 
the clinical importance of attempting to 
filter the electrons scattered from the walls 
of the collimator before they emerge from 
the end of the cone. First, is it necessary to 
enclose the cone end with an electron filter 
when treatments are given with the cone in 
contact with the skin? Secondly, is there 
an appreciable clinical difference in the 
appearance of the skin reaction with an 
electron filter of low atomic number 
in comparison with one of 


(Plexiglas) 
intermediate atomic number (brass) ? 
The teletherapy unit used in this experi- 


ment is the Keleket-Barnes Hectocurie 
apparatus, and a cone with an open end 
was supplied by the manufacturer for these 
studies. The aperture of the cone is 6-7 x 9-2 
cm, and this end was covered partially by a 
brass filter (0°36 gm/cm?) and a Plexiglas 
filter (0-38 gm/cm?). The center remained 
open as indicated in Figs. la and Ib. 

The single area of skin was treated to 
exposure doses of about 6000 r (in air) in 
one month with this open-end cone. It was 
felt necessary to expose the skin to as much 
as 6000 r in order to develop discernible 
reactions. Observation of the skin reactions 
in three patients showed a definite difference 
in the intensity of the reactions in the field, 
the most intense reaction being in the 
unfiltered center of the field. In Fig. 2a is 
seen the skin of the left inguinal region of a 
17-year-old girl with metastatic neuro- 
blastoma. The skin area treated (6-7 x 9-2 
cm) was divided into three approximately 
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equal segments, and filters were placed on 
the skin at each treatment as indicated in 
Fig. 2a. ‘Treatments were administered daily 
(5 times weekly) with the cone at contact 
with the skin (30 cm source-to-skin distance). 
Each day an exposure dose of 300r was 
delivered for a total exposure dose of 6000 r 
(in air) at the skinin | month. As illustrated 
in Fig. 2b, c and d, the skin under the open 
area of the cone has become denuded and 
its healing is slow, complete epithelialization 
finally occurring 8 weeks after completion 
of treatment. The area under the Plexiglas 
electron filter has developed a considerably 
more severe reaction than the skin under the 
brass filter. 

Similar results were obtained in two other 
patients treated in buttock and lumbar 
areas. In Fig. 3 the skin of the buttock of a 
50-year-old housewife was treated to an 
exposure dose of 5600 r (in air) at the skin 
in 24 days with a resultant severe and 
disturbing reaction at the open part of the 
portal. The skin did not epithelialize until 
3 months after therapy. Similar results were 
obtained in the skin over the sacrum in a 
patient with recurrent rectal carcinoma 
(Fig. 4). The severity of these reactions 
made it apparent that cones with open ends 
should not be applied at contact to the skin. 
It is also suggested from these cases that 
exposure doses of 6000 r (in air) should not 
be given with a Plexiglas filter in contact 
with the skin, for here, too, the reactions 
are too severe in comparison with the 
relatively mild reactions under the brass 
filter. 

It is often desirable in radiotherapeutic 
practice to treat relatively superficial cancers 
(thyroid, parotid, and lymph nodes of the 
neck or groin) with short source-to-skin or 
cone-to-skin distances, and Co® machines 
which allow such treatment methods should 
have electron filters on the ends of their 
cones. For those other units whose appli- 
cators or cones have open ends it may be 
hazardous to treat to high exposure doses 
at contact or short cone-to-skin distances. 
For these machines treatment should be 
given with longer cone-to-skin distances with 
resultant decrease in dose rate. 


VOL. 
3 
1958 


Norman Simon, Sidney M. Silverstone, and Stuart I. Gurman 


CONCLUSION 


Cones or applicators of Co® units should 
have electron filters of material of inter- 
mediate atomic number covering their ends 
if the full advantage of high exposure doses 
at short cone-to-skin distances is to be 
utilized. Reactions on the skin of patients 
treated with Co® teletherapy confirm the 
studies in phantom of RicHARDSON, KERMAN 
and BRUCER. 
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Inexpensive Equipment for Studying the 

Irradiation of Organic Materials under 

Static Conditions using a Reactor or 
Gamma Source* 


Tue behavior of organic compounds under intense 
irradiation such as is obtained in a nuclear reactor 
or from a cobalt-60 source, is becoming the subject 
of an increasing number of studies. There is usually 
a wide spectrum of chemical change accompanying 
any study of this sort.“ With some organic molecules 
only limited chemical change occurs at specific sites 
in the molecule. In others, extensive degradation 
and polymerization seems to result. Gas evolution 
is frequently encountered during _ irradiations. 
Alkanes, acids, amines and polyhydric alcohols are 
particularly notable in this respect. These reactions 
complicate the study of low boiling materials and 
systems under pressure. 

Closed systems have been impractical from a 
number of points of view. The container problem 
is acute particularly with reactor irradiation. 
Materials such as quartz or aluminum, which can 
be safely handled after a reasonable time is allowed 
for decay of short lived activities, do not have the 
structural strength requisite to withstand the high 
pressures frequently produced in organic systems. 
Rupture or explosion of such a vessel in the reactor 
is certainly undesirable. Since activation of the 
containér is not a problem in gamma irradiations, 
any material which is sufficiently transparent to 
give an adequate dose, can be used. 

Irradiation of materials in closed systems are, 
however, desirable. Controlled conditions such as 
the exclusion of oxygen are easily attained. Irradia- 
tion under high pressure may be of interest. The 
production of high pressure during irradiation makes 
the obtaining of material balances difficult unless 
a closed system is used. A system such as a liquid 
ammonia solution presents formidable problems. 
Irradiation of such a system heretofore has only been 
possible by resorting to expensive low temperature 
facilities or building complex pumping systems. 

This paper describes a container and opening 
device for processing samples irradiated while under 
pressure. The container can be used equally well 


* Research performed under the auspices of the U.S. 
Atomic Energy Commission. 


for the irradiation of samples evolving gas during 
the course of the irradiation. 

The external dimensions of the vessel are dictated 
by the dimensions of the facility used. The choice 
of usable metals is limited by the intensity of radiation 
from the activity induced in the container. It is 
desirable that this level be such that it can be handled 
without resorting to lead shielding and remote 
control devices, thereby considerably simplifying 
operating procedure and reducing costs. While 2S 
aluminum alloy is ideal from the radiation point of 
view, its burst strength is too low for general appli- 
cation. An adequate compromise of these two require- 
ments is provided by 61 S-T 6 aluminum. The 
material is approved for use in the reactor. The 
cooling characteristic of a vessel of our design is given 
in Table 1. These vessels can also be used for irradia- 
tion by gammas. The intensity of Co® gammas is 
decreased about 11 per cent by passage through the 
side walls of the vessel described in this paper. A 
wider latitude of materials for construction of these 
vessels is possible when they are used for gamma 
irradiation. Appropriate calculations for attenuation 
of flux must of course be made. It should be possible 


TABLE | 


Time after irradiation Distance from meter Dose rate* 


contact 500 mr/hr 
250 
250 


250 


120-0 | 
146-0 | 
167-0 | 
215-0 | 


2 The vessel used to provide data for this table was 
irradiated for five days. The thermal neutron flux was 
about 4 x 101? n/cm? sec. The fast neutron flux was 
about 10!* n/cm? sec. The gamma flux was equivalent 
to about 10° r/hr. The geometry was identical from 
reading to reading for each of the distances used. No 
absolute dose rate is implied. 
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| —Socket wrench for 
|] opening container 


Removable handle 


i Rod for removing cap 
and breaking capsule 


ok | Rod for opening container 
g 
Plan view HHI] 
Unloading device, 
4 
a Yy tube 
Y High pressure 
5 gauge 
| 
Valve and gauge assy. 6 Z //\ Container 
Y 1/4in. o.d. 
N  5/8in. i.d. 
Capsule 
Scale 3 bolted to bench 
< 


Wrench flat for preventing rotation 
7 cf otherwise unattached unloading 


Fic. 


device 
1. 


. Tru-arc snap ring 
. Alloy steel bolts 
. Heli-coil inserts 


. Neoprene “‘O” rings 

. Williams socket wrench 
. Soft aluminum washer 
7. Socket head bolts. 


ID Or CON 


to study reactions where pressures will go as high as 
20,000 Ib/in? during gamma irradiation, if approp- 
riate metals are chosen. 


Apparatus 


Vessel 

The yield strength in tension of 61 S-T 6 is 40,000 
Ib/in? and the ultimate value is 45,000 Ib/in? com- 
pared to 5,000 and 13,000 respectively for the 2S 
alloy. Details of construction can be seen in Figs. | 


and 2. Dimensions are subject to the dimensions 
of the particular radiation facility being used. The 
bursting pressure of the vessel with the dimensions 
given in Fig. | was calculated at 20,000 Ib/in®. The 
maximum stress allowable in the threads is 17,200 
Ib/in?. A gasket of 2S aluminum is used to provide 
a tight seal under adequate clamping pressure. A 
test on a completed vessel using hydrostatic pressure 
applied internally resulted in a leak at 9,500 Ib/in? 
from deformation of the gasket. There was no 
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observable deformation of the vessel. The physical 
properties are not changed appreciably during the 
pile irradiations we carry out. Five thousand Ib/in? 
was arbitrarily set as a maximum resulting pressure 
in any experiment. Usually, the pressure resulting 
from total decomposition of the material being 
irradiated is used as an upper limit if reasonable gas 
pressure approximations cannot be made. Reactions 
which are rapid and highly exothermic should be 
taken into consideration. If higher pressure limits are 
desirable, the safety factors involved should be 
re-evaluated. 

If reactor irradiation is involved, these vessels 
can be used only once. Considerable pressure must 
be applied when closing these vessels in order to 
make them gas tight. This results in severe galling 
of the threads. On opening the container the threads 
are usually stripped in the process. Rethreading is 
not practical because of the machine contamination 
problem. 


Opening device 

The device for opening the vessel is pictured in 
Fig. 1.* Materials used in construction of this 
device are of standard shape and composition and 
easily obtainable. Mild steel is used in the top, 
bottom and body of the vessel. Heli-coil inserts are 
used to prevent the stripping of threads by the alloy 
steel bolts in the softer base metal. Standard neoprene 
“QO” rings are used for seals. Stainless steel may be 
used in the inner and outer rod assemblies to good 
advantage, particularly if the research program is 
of long duration or if the device requires frequent 
decontamination. The socket wrenches were cut 
from a standard long ‘‘Williams” socket wrench such 
as the one shown on the top of Fig. 1. This device 
allows opening the vessel in a closed system thereby 
leaving the control of all experimental parameters 
in the hands of the operator. The aluminum vessel 
is placed in the socket wrench section, welded to the 
base plate. The cover of the device is put in place, 
and the wrench system attached to the opening rod 
is lowered over the vessel. The inner rod (1) is 
screwed into the cap of the vessel (6). The socket 
wrench outer piece is put in place over the cap. ‘The 
wrench for opening the container is attached to the 
opening rod. The arms on this wrench should be 
about 3 ft long in order to give sufficient leverage 
to allow easy opening. After the cap has been 
unscrewed the rod assembly is lifted and the inner 
rod (1) unscrewed from the cap, thereby allowing 
the cap to fall to the base of the container. 


Two conditions obtain if the aluminum vessel 
enclosed a sealed container.t If the container broke 
prior to opening the aluminum vessel a pressure 
will register on the gauge (0-500 Ib/in?) attached 
directly to the device; and the opening rod will rise. 
If the container remains sealed, the center rod is 
lowered over the container and a sharp hammer tap 
suffices to cause the pointed rod to pierce the con- 
tainer. The ratio of vessel volume to free volume in 
the opening device is about 1:100. This can be 
calibrated if required. If the irradiated vessel 
contains a liquid or a finely divided substance, 
considerable spraying can result on opening the 
vessel. If the material is irradiated directly in the 
aluminum, difficulty with spraying is usually 
encountered with liquids only. A simple collar 
(see Fig. 2) can be placed on the vessel prior to 
opening in order to catch any material escaping 
from the container. 

The valve and gauge assembly (see Fig. 1) serves 
numerous functions. A more accurate measure of 
the pressure in the device can be obtained by using 


| 


= 


Fic. 2. Spray shield. 


* Engineering drawings may be obtained from the authors if desired. 
+ If it is undesirable to irradiate the material in direct contact with the aluminum, quartz containers can be 


used in the vessel. 


VOL. 
3 
1958 N 
| 
| 
| 


172 Technical notes 


gauges with shorter ranges. The high pressure 
gauge attached directly to the device is used as a 
guide in choosing the proper gauge to be used with 
the assembly. The other valve is used for pressure 
release, or for filling the device with an inert gas. 
The release valve may also be hooked into a collection 
system so that gases formed during irradiation may 
be analyzed or subjected to chemical study. 


Conclusion 


The main virtue of the equipment described, 
lies in its versatility for the rapid qualitative study 
of organic systems which have been subjected to 
intense radiation conditions. The vessel is essentially 
transparent to neutrons and attenuates the gamma 
flux only slightly. If a precise measure of the energy 
absorbed during irradiation is required, a calibra- 
tion can be made taking into account the activity 
induced in the aluminum during its residence in 
the reactor. Irradiation by a pure gamma source 
presents no such problem. The physical condition 
and chemical environment of the sample during 
irradiation are subject to the requirements of the 
experiment and are not subject to any compromise 
due to the resultant chemistry of the system. 

It has been possible to handle systems in liquid 
ammonia, systems involving macrodecomposition of 
alkanes, and others. The irradiation of systems by 
gammas under static conditions can be conveniently 
carried out by using the apparatus described. As 
yet little work has been done utilizing a pile to study 
the effect of radiation on organic materials. The 
macro change observed under these conditions may 
provide a useful guide to methods for utilizing this 
source of energy for causing chemical reaction. 
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A Simplified Procedure for Proportional 
Counting of C!4-Labeled Carbon Dioxide* 


(Received 7 Fune 1957 ; in revised form 10 September 1957) 


Tue method of BERNSTEIN and BALLENTINE" as used 
by several other groups'-* is perhaps the most 
versatile method for counting C!O,. In the course 
of several years’ experience with this method and 
with the Geiger counting method of Skipper et al.,‘® 
a procedure has been developed that incorporates 
various features of reported procedures together with 
modifications introduced for convenience and ac- 
curacy in routine assay of samples of widely varying 
size, nature, and specific activity. Since the procedure 
as modified offers advantages in simplicity and range 
of applicability over other published procedures, it is 
of possible interest to those concerned with assay of 
carbon-14 in the gas phase. 


Experimental 
Apparatus. A diagram of the apparatus used is 
given in Figs. 1 and 2. The radiator (F), methane- 
leveling bottle (7), and counting tubes (J) (Fig. 2) are 


Fic. 1. 
A 100 ml round-bottomed flask with temperature well. 
B 40 ml graduated funnel. 
C glass-wool plug. 
D 50 ml gas bubbler with sintered glass tip to distribute 
gas. 
E temperature-regulated oil bath. 
F soda lime tube. 


commercially available items. The vacuum system 
can be easily fabricated from commonly available 
items; it contains a full-length manometer (H) and 
must be capable of establishing a vacuum of less than 
1 mm of mercury. The remainder of the apparatus 
utilizes easily available glassware assembled as 
indicated in the figures. 

Procedure. The preparation of the gas for counting 
is accomplished in two stages: (a) oxidation of the 


* This work was carried out on grants from the Charles 
F. Kettering Foundation and the Alfred P. Sloan Foun- 
dation, Inc. 
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TO VACUUM 


To 
VACUUM 


TO 
VACUUM 


TO VACUUM 


Fic. 2. 
A 50 cm? funnel for perchloric acid. 


B magnetic stirrer. 
C soda lime tube. 


D tower from gas bubbler. 

E water trap with dry-ice bath. 

F commercially available radiator with dry-ice bath. 
G trap for condensing CO,. 


H manometer. 
T counting tube. 


J methane leveling bottle. 


sample in a nitrogen atmosphere and absorption of 
the resulting CO, in basic solution, and (b) libera- 
tion in vacuo of CMO, which is purified and measured 
prior to counting. The details of operation are given 
below. 

The sample (either weighed or not weighed) and 
approximately 300 mg of potassium iodate are placed 
in a small flask A (Fig. 1) with a thermometer well. 
Funnel B contains VAN StyKe-Fotcu oxidation 
solution.‘” ®) A glass-wool plug C is used to reduce 
spattering of oxidation solution and is replaced after 
each sample. After introduction of the sample, the 
system is flushed with nitrogen to remove atmospheric 
CO,. Tower D, containing 50 ml of a solution 0-25 M 
with respect to NaOH and 0-15 M with respect to 
hydrazine,'” is connected using silicone grease, and 
the system is flushed with nitrogen for about 1 min 
longer. With nitrogen still flowing through, the 
oxidation fluid (20 ml) is added dropwise to A. 
When addition is complete, a temperature-controlled 
oil bath, preheated to 210°C, is raised to partially 
submerge A, and the temperature of the oxidation 
fluid in A is raised to 195°C and held there for 10 min. 
At the end of this time, the oil bath is removed and 
the system is flushed with nitrogen for an additional 
5 min. Tower D is then disconnected, the bubbler is 
quickly rinsed with distilled water, and a plastic- 
covered magnetic stirring bar is introduced into D, 
which is then quickly stoppered. 

In the second stage of sample preparation, the 
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tower is connected to the vacuum system (Fig. 2), 
which is then evacuated to a pressure of less than | 
mm of mercury. While the solution in tower D is 
stirred magnetically, 15 ml of 60 per cent perchloric 
acid is added through the stopcock and the CO, 
thus liberated is dried by passage through trap E and 
radiator F, which are cooled with dry _ice-tri- 
chloroethylene baths, and is finally condensed in trap 
G, which is cooled with liquid nitrogen. To ensure 
complete transfer of the sample to G, three 10 ml 
portions of CO,-free air are admitted to the system 
through C and tube K. After each addition, the 
system (F, G, H) is evacuated to remove any uncon- 
densed gases. The C!4O, is warmed to room tem- 
perature in volumes G and H, and either the entire 
sample or a portion thereof is measured manometri- 
cally in H or in G and H, and then condensed in the 
tube J, which is cooled with liquid nitrogen. After 
the tube has been warmed to room temperature, 
methane in J is added to bring the pressure to slightly 
under | atmosphere. The tube is allowed to stand 
10-15 min for the gases to mix and is then attached to 
the scaler with clip leads. 

The recovery of carbon dioxide for the over-all 
procedure has been found to average about 98 per 
cent of the theoretical. 

Determination of optimum conditions for oxidation. ‘The 
conditions for oxidation described above differ in 
some details from those described by other authors. 
In similar reported procedures that use the VAN 
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Tas_e |. Results of oxidation of guanine-2-C™ sulfate monohydrate under various conditions 


Period 
held at 
temperature 
(min) 


Flushing 
time 
(min) 


Temperature 


(°C) 


9-63 
9-82 
9-69 


oon 


5 
5 
5 
2 
5 
5 


ow 


Solution green’ 
Solution green 
Solution green 


ow 


Specific 
activity 
(uc/mole) 


Total 
activity 
recovery 


Theoretical 
total 
activity 
(myc) 


Carbon 
recovery 


(%) 


Total 
activity 
(myc) 


3-98 
4-00 
3-98 


3-98 


4-15 
4-00 
4-02 


3-67 
3-52 
3-71 
3-37 3-98 
4-00 
4-00 
3-98 


* Boiled rapidly without temperature control. 

» The solution was heated until green. 
SLtyKE-Fotcu oxidation fluid, the solution is heated 
(after addition to the sample) for several minutes 
without control of temperature, and either the 
duration of heating or the change in color of the 
solution is used as an indication of completeness of 
oxidation. VAN Styke,'®) in a review of oxidative 
procedures, has summarized the excellent results 
obtained under these conditions with a variety of 
organic compounds. In this laboratory, heating 
without control of temperature was found to give satis- 


factory results with most of the samples encountered, 
but with a few difficultly oxidized compounds, the 
results were variable. Particularly, variable results 
were obtained consistently when guanine-2-C™ sul- 
fate monohydrate was oxidized by this procedure. 
This compound was therefore used as a test material 
in an effort to establish conditions of oxidation that 
would be routinely applicable to all types of samples 
encountered. The results of this study are given in 
Table 1. 


174 
| (%) 
195 10 100 
: 195 10 93 | 95 
195 10 95 95 
195 5 10-0 85 | 88 
195 5 9-37 
195 5 9:76 91 92 
195 1 9-61 85 | 85 
195 | 9-40 90 88 
195 1 64 59 
195 1 10-2 25 27 
195 10s 357 | 3-98 88 90 
195 1 10 9-67 3-83 3.98 96 96 
195 I 10 9-19 3.42 4-00 90 86 
Boil” 15 10 9.97 3-23 4-00 78 81 
Boil 15 10 9-90 3-08 4-00 75 77 VOL 
Boil 15 10 9-85 3.39 4-02 82 85 3 
195 
175 10 5 10-4 3.00 4-00 69 75 
175 10 5 9-65 3.09 3.98 77 78 
175 10 5 9.28 9.97 4-02 77 74 
150 10 | 8-00 2-69 3-98 31 68 
150 10 1 9.02 3.25 4-02 86 81 
150 10 1 8-29 2-84 3.98 84 71 
150 10 7-77 1-99 4-00 62 50 
150 10 8-03 2-55 3.98 77 64 
150 10 5-84 1-21 4-00 50 30 
150 1 I 3.99 0-52 3.98 31 13 
150 1 6-14 0-70 3.98 28 28 
ca. 200 I 9-10 3-19 4-00 85 80 
ca. 210 9.07 2-61 4-00 69 65 
ca. 200 1 9-88 3-83 4-00 94 96 
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Discussion 


The results in Table 1 indicate considerable varia- 
tion in recovery of both carbon-14 and total carbon 
when guanine-2-C4 was oxidized under various con- 
ditions. The results clearly show that activity deter- 
minations were less reliable when the temperature was 
not controlled or when the color of the solution was 
used as an indicator of completeness of oxidation, 
and that heating at 195°C for 10 min consistently 
gave the best results. Although boiling without 
temperature control and heating at 195° gave carbon 
dioxide of the same specific activity, the recovery of 
total carbon was variable when the solution was 
simply boiled, and therefore boiling without tem- 
perature control cannot be relied upon to give con- 
sistent results if total activity is to be determined. 

The results of oxidation at various temperatures, 
particularly at 150°C, appear to indicate a different 
rate of oxidation of the 2-carbon atom and the other 
carbon atoms of guanine-2-C!, and emphasize the 
necessity of using oxidation conditions that give 
complete recovery of both carbon-14 and _ total 
carbon. al. have observed differen- 
tial rates of oxidation of the carbon atoms of xanthy- 
drol ureide, and have commented upon the unrelia- 
bility of the results unless oxidation is complete and 
the CO, is allowed to mix before aliquots are taken 
for analysis. 

Several other of the modifications introduced into 
the procedure warrant some comment. Perchloric 
acid (60 per cent) used to liberate the ClMO,, 
eliminates the necessity of preparing CO,-free lactic 
acid) and offers little hazard when added to a 
dilute sodium hydroxide—hydrazine solution at room 
temperature. Use of air drawn through a soda lime 
tube gives a blank too small to measure and provides 
a satisfactory medium for transferring the carbon 
dioxide to trap G for condensation. The additional 
conventional water trap removes the large volume of 
water vapor coming from the basic solution and 
greatly reduces the time-consuming procedure of 
drying the radiator. 

Manometric measurement of CO, after purifica- 
tion is convenient when it is desired to take an 
aliquot of gas from a large sample or from one of 
high activity. If a sample proves to be too active for 
satisfactory counting, the sample can be removed 
from the tube and a smaller measured amount put 
in the tube. With some of the samples encountered, 
contaminating gases are evolved, which are removed 
by the purification procedure, and greater accuracy 
is possible if measurement is made on the purified gas 
rather than on the gas coming directly from the 
oxidation. 

A rapid check on the behavior of the system can be 
obtained by a plateau check on each sample, con- 


sisting of a count at one point above and one below 
the counting voltage. The counting voltage is chosen 
on the flat portion of the curve obtained by plotting 
voltage against counting rate. Low pressure in the 
tube, contamination of sample, and effects of humi- 
dity will usually show up in the plateau check. 

Weekly standardization against National Bureau of 
Standards C14-labeled sodium carbonate, or any 
chemically stable C14-labeled material of known 
activity, has proved a necessary precaution. Any 
significant variations from the standard value were 
always caused by conditions that could be isolated 
and eliminated. The observed activities of standards 
have remained within statistical variation over the 
period of operation of this system. 

Efficient air-conditioning is essential for satisfactory 
operation of the system in hot and humid climates. 
Relative humidity in excess of 60 per cent for pro- 
longed periods results in a high background and a 
much steeper plateau. 
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Heavy-duty Remote Tongs for the 
Radioactive Isotope Laboratory 


(Received 19 April 1957; revised 2 October 1957) 


Introduction 


CurRRENT design of radioactive shipment containers 
for high activity levels consists of a heavy central 
lead shield surrounded by an exterior container, 
usually of wood. Such design is used both by second- 
ary suppliers and the A.E.C. proper. This heavy 
central shield usually must be removed from its 
box, while the whole is positioned behind a vertical 
lead wall, manipulated and opened. These shields 
often exceed 40 lb in weight. Direct usage of the 
operator’s hands or short remote devices is ill- 
advised because of surface dosage and_ possible 
exterior contamination. Additionally, routine hot 
laboratory operations often necessitate the remote 
handling of other heavy lead objects which are not 
easily manipulated by the lighter tongs. Ordinary 
remote tongs are inadequate for such heavy lifting, 
particularly since the intervening wall shield does 


not allow the tongs to approach the shield axis 
normally. Thus, where shipments in excess of 
0-5c are opened, a need for heavy-duty remote 
tongs, capable of working over a lead wall and 
within containers, becomes evident. The purpose of 
the following is to describe a unique design for such 
remote tongs, specifically constructed for the task 
outlined above. 

The criteria for the design of such a device are: 
first, an adequate handle to remove the operator 
from proximity to the source and to provide leverage 
for the heavy shield; second, an actuating mechanism 
driven from the operator’s end; third, a compact 
dropped-head allowing insertion into boxes and 
over shields; fourth, a foolproof lock (preferably 
automatic); fifth, a grasping mechanism adaptable 
to a variety of forms; sixth, lightness, ease of dis- 
assembly, and strength to carry up to 100 lb loads. 
Additionally, the engaging design must not mar, or 
distort, the shield surfaces. 

In Fig. 1 working drawings, incorporating the 
basic requirements outlined, are reproduced. This 
design incorporates a bevel gear and differs from the 


CHAIN 


Fic. 1. Mitre gear, ‘L’ dropped-head, design for heavy-duty remote tongs. The steel, spiral mitre- 

gear arrangement is shown in parts A and B. Load carrying bushings are shaded. A locking device 

shown at C and D consists of a zero backlash worm-gear drive mounted at the operator’s end of 

the handle. The self-locking worm mechanism may be substituted for the bevel gears (shown in the 
following). Part E illustrates the lay out of the chain and sprocket. 
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Fic. 2. An overall view of the tongs. The head incorporates an offset worm-gear drive as substitute 

to the bevel gear in Fig. 1. This provides a zero backlash, internal lock. A telescoping or extension 

handle may be simply incorporated into this design. This model has a 6 in. dropped head. This illu- 

strates the remote tongs in use. The self-locking chain will easily grasp smooth, vertical surfaces on 

heavy objects, such as the one seen here, without slipping. Binding against the guide plates tends to lock 

the object in place. The free chain at the back of the head is best coiled out of the way under 
spring tension (not shown). 


Fic. 3(a). Head assembly; cover plate is removed. Note the thrust bearing attached to the cover plate. 
This milled head housing design reduces the overall size and weight of the unit. 


(For Fic. 3(b) see over) 


Fic. 3(b). Bottom view; bottom guide plate is removed. The sprocket and chain are engaged within the confines 
of the tubular head housing. The top guide plate with riser spacers remains in place. 
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Technical notes 


model shown in other pictures. It works equally 
well. The handle consists of a 36 in. aluminum tube, 
inside which is a concentrically located, steel drive- 
rod. This may be crank driven (insert C and D) 
at the operator’s end. An offset worm-gear drive 
is shown in the following illustrations. The extension 
handle may be made longer or shorter without 
major design changes. A modular or telescoping 
arrangement to provide varied operator distance 
may be used. The extension handle is bolted into 
an end-bearing bush about the actuating shaft 
(Fig. 1, B). The ‘L’-dropped head housing serves 
to bring the grasping mechanism down 6 in., or 
more if desired. Two alternative drive systems may 
be incorporated into this dropped head. The one 
shown in Fig. 1 consists of a steel spiral, mitre-gear 
system.* This produces the necessary 90° change of 
direction for the drive. The vertical drive (Fig. 
1, B) bushed at three locations operates a chain 
and Boston sprocket.+ This steel chain rides between 
the guide plates at the bottom of the dropped head. 
The guide plates are separated by riser spacers 
shown in detail A—A, Fig. 1, insert F. The guide 
plates or ways consist of two horizontal aluminum 
plates between which the sprocket and chain assembly 
operate. 

The entire body of the tongs is made of aluminum. 
The drive-rod worm assembly, bevel gears and 
chain sprocket are of steel and largely make up the 
weight of the tongs. Weight is about 6 Ib. Fig. 2 
is an overall view of the remote tongs illustrating 
the alternate ‘L’-head construction scheme. This 
substitutes a worm and gear arrangement mounted 
within the milled aluminum housing. 

Fig. 3a is a close up of the head showing the 
dropped design and the placement of the driving 
chain between the aluminum guide plates. The 
offset worm gear is coupled to the drive shaft 
through a universal joint. A thrust bearing is placed 
on either end of the worm gear. A thrust bearing 
is placed against the gear shoulder. A linear bearing 
may be placed on the drive shaft at the handle. 
The offset design minimizes the head size. Fig. 3b 


* Boston LSA-10-1 P.D. 1.250-SM. 
+ Boston KSU-8-P.D. 1.31. 
t Boston 414 in. Pitch s single. 
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shows the chain and sprocket arrangement. A 
pilot bearing is placed at the sprocket shoulder 
and a thrust bearing at the bottom of the vertical 
drive shaft. 

Operation 


To manipulate heavy objects, the chain is opened 
to the proper circumference by means of the 
operator’s hand crank. The object to be moved is 
encircled by the chain (Fig. 2) and the loop tightened 
about the object by the crank in the handle. A 
little vertical lift on the unit tends to bind the 
chain against the shield due to the natural sag of the 
heavy object. Binding occurs against the two 
horizontal aluminum plates that form the ways for 
the chain. The offset worm and gear drive in the 
head automatically locks the chain. Thus, creep 
or movement is prohibited and only actuation of the 
crank can release the object. 


Summary 


This remote unit has proved to be useful in lifting 
heavy lead shields. The internal locking mechanism 
is efficient and has negligible backlash. The unit 
is light in weight, yet has handled shields up to 
80 Ib. At heavy loads, considerable torsion is noted 
in the handle. However, the drive operates without 
binding despite the bending. This may be due to the 
abundance of good bearing surfaces. The chain 
wrench system has been successful in the lifting of 
heavy, smooth objects which have no lifting lugs or 
surfaces (Fig. 2). It is a remote-tong principle which 
does not distort or mar the finished surfaces of 
chromed lead shields. For special purposes the 
chain and guide plates may be leather or neoprene 
lined. 


Acknowledgement—This is to acknowledge the technical 


assistance of R. Simon, G. Bartrem and M. 
Duguette of the Instrument Shop. 
L. E. Preuss 

Physics Department 
Edsel B. Ford Institute for Medical Research 
2799 West Grand Boulevard 
Detroit 2, Michigan 

Reference 


1. Preuss L. E. 7. Sci. Instrum. 30, 252-253 (1953). 


INTERNATIONAL ATOMIC ENERGY 
AGENCY 


At the last meeting of the Governors of this Agency 
the British Governor offered the facilities at the 
Wantage Radiation Laboratory. These facilities may 
be used by a small number of Agency-sponsored 
scientists early next year. 

At the same meeting it was also decided to 
investigate the possibilities of introducing some isotope 
techniques in some underdeveloped countries. It was 
thought that especially medical isotopes for diagnosis 
or therapy may be a first step. A team investigating 
the possibilities will be sent to one underdeveloped 
area to report on these possibilities. 


AUSTRALIA 

Symposium on the Peaceful Uses of Atomic Energy 
A symposium on the peaceful uses of atomic energy 
will be held in Sydney from June 2nd-6th, 1958. 
The symposium is sponsored by representatives of 
the Universities, professional institutes, industrial 
firms, power authorities, Commonwealth and State 
Departments and the Australian Atomic Energy 
Commission. 


ITALY 


Nuclear and Electronics Congresses in Rome, 
June 1958 


™n conjunction with the 5th International Review 


in Rome from 16th to 30th June, nuclear and 
electronics congresses will be held as follows: 


Nuclear Congress, June 16-20 

Topics will include radioisotopes in industry, 
agriculture, medicine and biology; future programme 
for nuclear development in Italy; nuclear industry 
in other countries; fuel elements; electronic 
instrumentation. A special meeting will be devoted 
to the uses of C4. 


Electronics Congress, June 22-28 


Topics will include new developments related to 


nuclear applications; construction of transistors 
and application to industry and telecommunication; 


electronic computation in telephone exchanges: 

colour television. Special meetings will deal with 

electronics and the International Geophysical Year, 
electronics in missiles and radio-astronomy. 

Further details are available from: 
Management of Rassegna Elettronica e Nucleare, 
Via della Scrofa 14, 
Rome. 


Nuclear Medicine in Italy 
Scientific activity 


A Centre of Nuclear Medicine was opened in 
Rome, on June 29, 1957, at the Institute of Radiology 
of the University. A 15-MeV betatron (producing 
gamma- and beta-radiation) is in action at the 
Centre, with a Co® unit (1500 curies) and a depart- 
ment for the diagnostic and therapeutic uses of 
radioisotopes; the Centre is also devoted to scientific 
research other than medical applications. 

Medical applications of nuclear energy are included 
in the programme of the next congress of the 
S.IL.R.M.N. (Italian Society of Radiology and 
Nuclear Medicine). 


Medical work 


Other than the work above mentioned, betatrons 
are used in Torino and Chieti, and others will be 
put into action in Milan and Rome. Many Co®® 
units are used in general and private hospitals, 
e.g. in Rome, Milan, Naples, Palermo, Cagliari 
and Borgovalsugana. Medical applications of 
radioisotopes are also used in other centres such as 
Milan, Busto Arsizio, Torino, Pisa and Florence. 


Teaching 


The Institutes of Physics and Chemistry of the 
Universities of Rome and Milan are giving regular 
courses every year on the application of radio- 
isotopes. A course on the medical applications of 
isotopes was held by the Medical Clinic of the 
University in Pisa from September to November 
1957. The Radiology and Medical Pathology 
Institutes of the University of Rome will give another 
course which will be mainly devoted to the 
therapeutic applications of nuclear energy. 
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Radiation Dosimetry. Edited by G. J. Hive and 
G. L. BRowNELL. Academic Press, New York, 1956. 
pp. xiv + 932. $22.00. 


To gather together the widely distributed knowledge 
of this large and expanding subject into a unified 
whole is a formidable task, but the experience of 
the editors and the many distinguished authors 
who have collaborated in this book are combined 
to produce a complete and authoritative work. 

Its stated object is “‘to provide a cohesive textbook 
dealing with all aspects of radiation dosimetry,” 
rather than a collection of specialized papers, and 
to this end the individual contributions have been 
arranged in logical sequence with little or no over- 
lapping and with good cross-referencing between 
related chapters. 

The book is divided into three parts. The first, 
a relatively short section comprising three chapters, 
deals with fundamental principles: radiation units 
are introduced and the theory of ionization dosi- 
metry is developed, including a thorough treatment 
of the Bragg-Gray theory. The interaction of radia- 
tion with matter is described with a strong bias 
towards X-radiation and gamma-radiation. Bio- 
logical and medical effects of radiation doses are 
developed from an account of the mechanism of 
cell damage by radiation to a brief survey of the 
effects on man of various levels of radiation dose 
applied under different conditions. 

The second part concerns the various types of 
radiation detectors with particular reference to their 
use and calibration as dosimeters. Separate chapters 
are devoted to ionization chambers, Geiger-Miiller 
and proportional counters, scintillation counters, 
photographic films, chemical dosimetry, and to 
calorimetry. A chapter on American survey in- 
struments and pocket dosimeters for personnel, and 
a brief account of absolute measurements of X-ray 
beams and radioactive isotopes complete this part 
of the book. 

The third and last part comprises six chapters 
on the dosimetry of different types of radiation 
fields. Comprehensive accounts are given of the 
dosimetry of radiation beams comprising X-rays and 
gamma-rays, high-energy electrons, heavy charged 
particles and neutrons. ‘These are followed by a 
thorough treatment of the fields associated with dis- 
crete sources of beta-rays and of gamma-rays, with 
examples of their use in therapy, and by an account 
of the internal administration of radioisotopes to 


animals and humans, with particular reference to 
the calculation of tissue dose. The last chapter on 
isotope shipment and disposal, though admirable 
in its content of practical advice, is preoccupied with 
United States regulations for the control of radio- 
isotopes and seems a little incongruous in a book of 
this kind, particularly when no corresponding chapter 
dealing with laboratory discipline and layout is 
included. 

A set of tables for use in dose calculations is ap- 
pended. These are perhaps the most generally 
useful tables, but a wealth of information is also 
to be found in tabular form in the body of the book. 

Continuity of subject is well preserved in general, 
although it is disturbing to find beta-particle spectra 
introduced so late in Chapter 16. One would have 
expected more information on this subject in Chapter 
2, where the interaction of gamma-rays with matter 
is very fully described, but only mono-energetic 
electrons are considered in detail. 

The uniformity of presentation is also remarkably 
good. There are some minor discrepancies in setting 
out the references, some being quoted with and some 
without titles and those in Chapter 3 being un- 
numbered. The information is also well up to date, 
though some of the separate contributions, par- 
ticularly the one on radioactive standards, show signs 
of being written a year or more before the date of 
publication. 

In the selection of material, emphasis is laid rather 
upon the basic physics, mathematics, and, where 
appropriate, the chemistry of radiation dosimetry 
than upon operational details of the instruments 
used. The reader is rightly expected to look 
elsewhere for electronic and instrumental detail, 
although satisfying accounts of the designs and prin- 
ciples of operation of detectors are given in the second 
section of the book. 

It is perhaps inevitable that such a book should 
have a predominantly medical bias, and although 
the editors stress its usefulness in other branches of 
applied radiation, it is likely to be of most immediate 
value to medical and health physicists. 

There is no doubt that this is the most compre- 
hensive work available on radiation dosimetry and 
it is likely to remain for some years a reference work 
on the subject. 

j. L. Putman 


Isotopes Division 
Atomic Energy Research Establishment, Harwell 
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International Journal of Applied Radiation and Isotopes, 1958, Vol. 3, pp. 181-192. Pergamon Press Ltd., London 


Theory of Radioisotope Scanning* 


G. L. BROWNELL 


Physics Research Laboratory, Massachusetts General Hospital, Boston, Mass. 
(Received 12 August 1957) 


The visualization of radioisotope distributions is an increasingly important application of 
radioisotopes. A general relation is derived, valid for any detecting system, yielding the 
optimal radioisotope content as a function of resolution, detector efficiency, time duration of 
scan, and dimensions of the object being scanned. Various collimating systems are considered 
and isoefficiency curves calculated. The simplest collimator consists of a cylindrical aperture 
in a lead shield. The use of a tapered aperture improves the sensitivity somewhat for a given 
resolution. A focusing detector may be constructed by means of a series of tapered apertures 
aimed at a focal spot. Finally, the detection of annihilation radiation resulting from positron 
detection is considered. The resolution and efficiency of these collimating systems are compared. 

Numerous factors modify the general design considerations. The effect of penetration of 
lead by the y-rays is considered as well as the effect of finite source sizes and the attenuation of 
radiation in the object being scanned. Background radiation arises from many sources and 
results in an effective limit to the amount of radioisotope which can be employed. 

Examples of single-channel and coincidence scanning techniques are given. 


THEORIE DE L’EXPLORATION RADIOISOTOPIQUE 


La perception des distributions radioisotopiques est une application des radioisotopes dont 
l’importance devient de plus en plus grande. On obtient un rapport général, valable pour 
tous les systémes de détection, donnant le contenu radioisotopique optimal comme fonction de 
la résolution, de l’efficacité du détecteur, de la durée de |’exploration et des dimensions de 
Vobjet scruté. Des systémes variés de collimation sont considéres et les courbes d’iso-efficacité 
sont calculées. Le collimateur le plus simple consiste en une ouverture cylindrique dans un 
écran de plomb. L’emploi d’une ouverture conique améliore a quelque point la sensibilité pour 
une résolution donnée. Un détecteur visant un point peut se former d’une série d’ouvertures 
coniques donnant sur un point focal. Enfin, la considération est donnée a |’observation de la 
radiation d’anéantissement suivant la détection des positrons. On compare la résolution et 
l’efficacité de ces systémes de collimation. 

Bien des sujets sont a considérer dans le dessin général. L’effet de la pénétration du plomb 
par les rayons y est tenu en vue, ainsi que l’effet de la grandeur définie des sources et l’atténua- 
tion de la radiation dans |’objet scruté. La radiation de fond a beaucoup d’origines et impose 
une limite effective a la quantité de radioisotope qu’on peut employer. On donne des exemples 
des techniques d’exploration a cannelation unique et a coincidence. 


TEOPHA 


3aBHCMMOCTb, WIA 060i cucTreMbI, KOTOpaA 
OHOCTH YCTaHOBKH, aTunka, pasMepoB 


* Supported by Grant No. AT-(30-1)-1242 from the U.S. Atomic Energy Commission, an institutional grant 
from the American Cancer Society, and a grant from the June Rockwell Levy Foundation. 
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OObeRTa. THMbE KOLIMMAaTOpOB pacueTHble 
yeckoe OTBeEPCTHe B CBMHILOBOM DKpaHe. I]pumMenenne KO.IMMaTOpa C KOHMYeCKMM OTBEPCTHeM 
MOsKeT ObITD COCTaBIeH KOHMYeECKMX OTBepCTHil, 
Hall@l@HHbIX Ha TY TOUKY. Hakone, paccMaTpuBawTcA MeTOAbI 
Pas CUCTeM CpaBHUBAaIOTCA NO MX CHOCOOHOCTH 
10 

(PAKTOPbI, NCTOUHMKA KOHeYHbIe PasMepbl, 
a OT AKTHBHOCTH CKaHMpyemoro OObeRTA. odmero 
apPeKTUBHO 


THEORIE DES RADIOISOTOPEN-SCANNIGS 


Das Sichtbarmachen der Verteilung von Radioisotopen nimmt dauernd an Bedeutung zu. 
Eine allgemeine Beziehung wird abgeleitet, welche fiir jedes Detektorsystem Giiltigkeit besitzt 
und die optimale Menge an radioaktiver Substanz ergibt als Funktion des Aufl6sungsverm6- 
gens, der Detektor-Empfindlichkeit, der Zeit, die zum Scanning benGtigt wird, und der Grésse 
des Objektes, an welchem das Scanning durchgefiihrt wird. Verschiedene Kollimatorsysteme 
werden betrachtet und Kurven fiir gleiche Empfindlichkeiten werden brechnet. Der einfachste 
Kollimator besteht aus einer zylindrischen Apertur in Bleiabschirmung. Die Verwendung 
einer konischen Apertur verbessert, bei vergegebenem Auflosungsvermégen, die Empfindlich- 
keit ein wenig. Die Konstruktion eines fokusierenden Detektors mit Hilfe mehrerer auf den 
Fokus gerichteter konischer Aperturen ware méglich. Schliesslich wird der Nachweis der 
Vernichtungsquanten von Positronenstrahlern diskutiert. Das Auflésungsvermégen und die 
Empfindlichkeit dieser Kollimatorsysteme wird verglichen. 

Zahlreiche Faktoren sind zu bericksichtigen, wenn ein allgemein verwendbarer Entwurf 
gemacht werden soll. Das Eindrigen der y-Strahlung in die Bleiabschirmung, die endliche 
Ausdehnung der Quelle und die Abnahme der Intensitat der Strahlung in dem Objekt, 
welches dem Scanning unterworfen ist, werden bericksichtigt. Die Hintergrundstrahlung 
besitzt verschiedenartigste Provenienz und bedingt schliesslich eine Begrenzung der Menge der 
verwendeten radioaktiven Substanz. 

Beispele fir Ein-Kanal- und Koinzidenz-Scanning-Methoden werden angegeben. 


1. INTRODUCTION 


In many biological and medical problems, A general theory of rectilinear scanning will 


it is desired to visualize the distribution of 
a radioisotope in a region of the body. A 
complete representation would require a 
three-dimensional portrayal, but most scan- 
ning devices are limited to plane portrayal. 
Thus, for a complete representation, scans 
in’ two orthogonal planes are required. In 
some cases, a single representation will suffice 
or an alternative technique may be used to 
obtain information concerning the distri- 
bution in the third dimension. 

In this paper, some general considerations 
of the problem of scanning are developed. 


be derived, and the characteristics of various 
collimating devices discussed. Background 
effects will be considered. Some of the con- 
clusions of the derivations presented here 
have been mentioned in a previous report." 
Recently, VAN DER Does DE Bye") has pre- 
sented some interesting calculations which 
are similar to portions of the present deri- 
vation. Methods of visualization employing 
lead grids and film or methods coupling 
y-ray apertures with light-intensifying de- 
vices will not be presented here, although 
both show considerable promise. 
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2. GENERAL DERIVATION 


For rectilinear scanning, it would be de- 
sirable to use a collimator whose sensitivity 
distribution is uniform in the direction nor- 
mal to the scanning plane. In general, 
however, the sensitivity distribution must be 
considered a function of three space variables, 
x’, »’, 2, measured from the collimator. 
This sensitivity distribution will be termed 
e(x’, 9’, 2’,) The activity distribution in the 
region being scanned will be p(x, _y, z). The 
response at any position will be: 


R = Sp(x, z)e(x’, 9”, 2’) do (1) 


In order to treat the problem analytically, 
some simplification must be made. First, 
the 2’ dependence of the sensitivity and 
activity distributions will be neglected, and 
the x’ and »’ distribution on a plane called 
the source plane will be considered valid for 
any plane. This source plane will in general 
be the mid-plane of the object being studied. 
This analysis would be rigorously correct for 
the case of activity actually lying on the 
source plane or if the sensitivity distribution 
is actually independent of z. However, it is 
a useful approximation to other cases. Fur- 
ther, the activity distribution will be con- 
sidered almost uniform. This might be ana- 
logous to the case where one wishes to 
detect a small region of slightly increased 
activity in a large region of uniform activity. 
The region to be scanned will be considered 
to have an area A and a length /. 

The collimating apertures will be con- 
sidered to be circular, so that the sensitivity 
distribution on any plane parallel to the 
scanning plane will be a function of only one 
variable. This sensitivity distribution can be 
observed by passing a point source of acti- 
vity across the aperture on the source plane. 
The exact shape of this curve will be dis- 
cussed later, but for most collimating systems, 
a curve similar to a normal distribution is 
obtained. The similar shapes of these curves 
suggest the use of two parameters for an 
analytical description of the sensitivity dis- 
tribution, the sensitivity of a point source at 
the center, ¢9, and the distance between the 
two points at which the sensitivity is one- 
half the maximum value or the resolution, d. 


As a further simplification, the sensitivity 
will be considered to be ¢€, over the distance 
d and zero outside this distance. The final 
picture of the sensitivity distribution is a 
cylinder with uniform sensitivity, €¢9, normal 
to the scanning plane and mid-plane, of 
diameter d and length /. This cylindrical 
region bears a close resemblance to the actual 
sensitivity distribution with positron detec- 
tion, and is a useful approximation for other 
collimating devices. 

A more detailed analysis of the sensitivity 
distribution is of value in determining the 
required accuracy of response or counting 
rate. Ifthe actual response is represented by 
a normal distribution, the half-intensity 
points fall at 1-77 standard deviations, and 
76 per cent of the area under the distribution 
lies between these two half-intensity points. 
For a theoretical positron detection curve, 
82 per cent of the area lies between these 
half-intensity points and actual measured 
values average nearer 85 per cent. ‘This 
value for single and multiple aperture detect- 
ing devices averages about 83 per cent. For 
the present argument, a value of 80 per cent 
will be taken for all types of collimators. 

At any instant, the detector records the 
activity in a cylindrical region of diameter d. 
However, because of the actual shape of the 
sensitivity distribution, a portion of the res- 
ponse results from activity outside this region. 
It would be a waste of information to require 
a statistical accuracy greater than the limit 
of accuracy imposed by the collimating 
system. The optimum situation would occur 
when the statistical uncertainty equals the 
geometrical uncertainty, which is assumed 
above to be 20 per cent. If the events 
recorded by the detector follow a Poisson 
distribution, this would imply that V n/n = 
0-2, or n = 25 recorded counts for the deter- 
mination of the activity in the cylindrical 
region of diameter d. The subtended area of 
this region is 7d?/4, so that 4A/zd? such areas 
must be observed in the complete scan. If 
25 counts are recorded for each area, 100A/za? 
counts are required for the complete scan. 

As the radioisotope concentration, p, 
expressed as disintegration/sec per cm%, is 
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constant and the sensitivity, €9, in counts/sec 
per disintegration/sec is constant, the detec- 
tor counting rate R will be constant and will 
equal pe,(zd?//4). This counting rate times 
the total duration of scan 7’, must equal the 
total number of counts for the complete scan, 
and should equal the number previously 
calculated from statistical arguments: 


= 100A/nd? 


400A 
p = (2) 


This gives the required activity per cm® to 
produce a significant picture of resolution d. 
In any practical scanning problem, p would 
be a function of position. Here, the value 
calculated from equation (2) would represent 
an average value of radioisotope concen- 
tration. 

Equation (2) shows the marked depen- 


dps/cm? 


dence of the required activity on the resolu- 


tion d. Indeed, for each detecting system it 
may be shown that the sensitivity €, varies as 
d* as the detector area varies as d. The total 
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dependence of p on d therefore varies as the 
inverse sixth power. This clearly illustrates 
the necessity of comparing collimating 
devices at equal resolution. For any given 
system, a decrease in the resolution distance 
by a factor of 2 would require a 64-fold 
increase in activity. Actually, in designing a 
detecting system, the value of p is usually set 
by biological consideration of radiation 
dosage. As A and / are determined by the 
object being scanned and 7 is usually set as 
the maximum convenient time allowed for 
scanning, d will depend primarily on «9. It 
is obviously desirable to select a collimating 
system which will give a maximum value of 
€, and a corresponding minimum value of d 
so as to produce a scan which gives a maxi- 
mum amount of information. 

The many assumptions which have been 
made limit the accuracy of the numerical 
factor of equation (2). However, the strong 
dependence of p on d is independent of these 
assumptions. Further, as these assumptions 
refer to all collimating systems, such systems 
can be compared solely on the basis of €,. 


3. DETERMINATION OF COLLIMATOR SENSITIVITY 
DISTRIBUTION 


The collimator sensitivity, «, may be con- 
sidered to be a function of four variables: 


« = fgns (3) 


where / is the fraction of disintegrations which 
result in detectable radiation, g is the geo- 
metrical efficiency, 7 is the attenuation of 
radiation in the object being scanned, and s 
is the absolute sensitivity of the detector. 
The quantity g has been calculated for 
three general types of collimators, shown in 
Fig. 1. The first consists of a cylindrical 
aperture, case I, in an absorbing shield. An 
alternative design of a conical aperture, case 
II, is also treated. The second general 
method consists of a series of conical aper- 
tures focused on a point exterior to the shield, 
and the final type consists of coincidence 
detection. The method of calculation is illu- 
strated in Fig. 2 for cylindrical apertures. 
In all cases angles will be assumed to be 
small and the shield will be assumed to be 


opaque to radiation. Qualifications to these 
two assumptions will be discussed later. The 
geometrical efficiency is determined by pro- 
jecting the circular area on the collimator 
plane, II, on to the detector plane, I, which 
is the back surface of the collimator and the 
front surface of the crystal of the scintillation 
counter. A’ is the area of overlap of the 
detector area and the projected collimator 
area on plane I. The geometrical efficiency, 
g, is then: 


(4) 


Fig. 3 shows the calculated geometrical 
efficiency for the cylindrical aperture. The 
isoefficiency lines have been normalized to 
100 at a point a distance a from the front of 
the collimator; i.e. the center of the source 
plane. The dimensions are expressed as x/a 
and r/b, where a is the collimator length and 
b is the collimator radius. The geometrical 


= 
VOI 


Theory of radioisotope scanning 


WY 


Phototube| 


Fic. 1. Three general collimating systems: single cylindrical aperture, focusing aperture, and 
coincidence detection. Drawings are schematic and not intended to represent actual dimensions. 


efficiency decreases rapidly as a function of 
distance from the aperture plane. The abso- 
lute value at the point (x/a = 1, r/b = 0), 
&o, is 5?/16a?, and the value of d on the 
source plane is 4b. On any plane, the 
efficiency is constant for 7/b <1, but 
decreases rapidly for r/b > 1. 

The geometrical efficiency of the conical 
aperture is shown in Fig. 4. The calculations 
have been performed as with the cylindrical 
aperture, and the isoefficiency lines have 
been normalized to 100 for x/a = 1, 7r/b = 0. 
Whereas the absolute efficiency at this point, 
£9, remains 6?/16a?, the resolution, d, is 
decreased to 1-755. Thus an improvement in 
collimation for sources on this plane has 
been made. However, it should be noted 
that the relative values of resolution for other 
planes have deteriorated. Thus, this type of 
aperture offers little advantage over a cylin- 


drical aperture unless the activity actually 
lies near this plane. 

If a series of apertures are focused at a 
point on a focal plane, the geometrical 
efficiency at that point may be increased 
markedly while maintaining the resolution 
on the source plane. Usually one large 
detector is employed, and a series of aper- 
tures is placed in front of it. The case of 
conical apertures focused on the plane x = a 
will be considered. 

The geometrical efficiency distribution for 
a single conical aperture, Fig. 4, will be 
termed g(x/a, 7’/b, b), i.e. let r of Fig. 4 now 
ber’. The function defined as u(x/a, r’/b) = 

SINGLE CHANNEL 
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DETECTION 
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SOURCE 
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2 DISTRIBUTION FOR 


Fic. 2. Method of calculation of geometrical efficiency for Fic. 3. Calculated geometrical efficiency for a cylindrical 

cylindrical aperture. Projection of circle on collimator aperture. Case I. Values of geometrical efficiency are 

plane II is made on detector plane I. The geometrical normalized to 100 at (x/a = 1, r/b = 0) and all distances 
efficiency is determined from the area of overlap, A’. are expressed in dimensionless terms. 
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Fic. +. Calculated geometrical efficiency for a conical 
aperture, Case II. Curves are presented as in Fig. 3. 


g/7b?, can be considered as the efficiency 
distribution per unit detector area. The 
efficiency distribution of the entire focused 
collimator may then be determined by inte- 
grating the contribution of each element of 
area up to the outer radius, dy), at a point 
(x/a, r/b), where r is now the radial distance 
from the axis of the focusing array. This 
integration may be performed as follows: 


2b—r 2 
g(x/a, r[b) = 2 u(x/a, r’/b) gr’ dr’ (5) 
x 


where ¢ is given by: 


The isoefficiency curves for the case 
b,/b = 5 and for conical apertures focused 
on the plane x/a = 1 is shown on Fig. 5. If 
it is assumed that one-half of the area of the 


SENSITIVITY 
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SINGLE CHANNEL 
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DETECTOR 
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Fic. 5. Calculated geometrical efficiency for a focused 
collimator. Curves are presented as in Fig. 3. The focal 
point is at (x/a = 1, r/b = 0). 


detector is available to the apertures, this 
would correspond to about 12 conical aper- 
tures. The curves have been normalized to 
100 at the point x/a = 1, r/b = 0, and it is 
found that the actual maximum occurs at a 
point x/a = 0-85, r/b = 0, and has a value of 
108. Thus an isoefficiency curve at 100 
exists. The value of d on the source plane 
is the same as in Fig. 4, or 1-75 6, but 
the efficiency gg has been increased to 
(25/32) (b?/a*) if one-half of the detector area 
is used. Further, a true focal point exists as 
the efficiency decreases toward the aperture 
plane. However, it should be noted that the 
resolution on planes off the source plane 
increases markedly, and this effect increases 
with increasing number of apertures. The 
focusing collimator is ideally suited to 
detection of activity distributions lying on or 
near the source plane, but its advantages 
diminish with extended sources. 

The detection of the annihilation radiation 
resulting from positron emission provides a 
third method of achieving a _ desirable 
efficiency pattern. The two annihilation 
quanta are emitted at 180°, or “back to 
back’’, from the site of the positron—electron 
annihilation, and these two quanta are 
detected by observing coincident pulses from 
two scintillation detectors placed on opposite 
sides of the object being scanned. The geo- 
metrical efficiency of this array may be 
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TABLE | 


Collimator Efficiency, go 
Single I (cylinder) b?/16a? 
Single II (taper) b?/16a? 
Focus (4) = 5b) | 
Coincidence hb? /4a? 


Relative efficiency 


R luti > d i 
ee normalized to equal d 


4-005 1-00 
1-755 | 
1-755 65-4 
0-825 


determined in an entirely analogous manner 
to the single-aperture case, although here 
the area of one detector is projected through 
the point of observation on to the plane of 
the second detector. If A’ is the area of 
overlap, the geometrical efficiency is: 


A’ 

(6) 
The efficiency is obviously symmetrical about 
the plane x/a = 1. 

Fig. 6 shows the geometrical efficiency for 
the case of circular apertures. The values 
have been normalized to 100 at the center of 
the source plane (x/a = 1, r/b = 0). This 
distribution most nearly produces a cylin- 
drical efficiency distribution. The value of d 
on the mid-plane is 0-824, while the value 
of gy is b?/4a2. The symmetrical nature of 
the distribution is clearly of advantage in 
certain applications. 


SENSITIVITY 
DISTRIBUTION FOR 
COINCIDENCE 
DETECTION 
| 


Fic. 6. Calculated geometrical efficiency for a coincidence 
detector. Curves are represented as in Fig. 3. The distri- 
bution is symmetrical about the midplane, x/a = 1. 


Table 1 summarizes the values of gy and 
d for the four collimating systems considered. 
In Section 2 it was pointed out that the 
sensitivity comparison was meaningful only 
for equal values of resolution. Consequently, 
the relative efficiencies normalized to equal 
values of d are also presented. The conical 
aperture has a normalized geometrical effi- 
ciency 5-23 times greater than the cylin- 
drical aperture, while the focus collimator has 
a normalized efficiency of 65-4 times the 
cylindrical aperture. However, the coinci- 
dence detector has a normalized efficiency 
of nearly 100 times the equivalent cylin- 
drical collimator. This high efficiency 
coupled with the spatial distribution of the 
coincidence detector makes it highly desirable 
for visualizing activity distributions lying 
deep within an object and particularly for 
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Fic. 7. Experimental resolution curve for cylindrical 
aperture collimator. Two mm source moved across 
aperture on plane at x/a= 0-66. 6=8 mm. a= 
152 mm. Curves obtained in air and with 10 cm water 
moderator between source plane and detector. 
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scanning symmetrical distributions. The 
focused detector is particularly advantageous 
for scanning activity distributions lying on or 
near a plane and for superficial distributions. 
The geometrical efficiency distribution for 
cylindrical apertures, focus apertures, 
and coincidence detection,‘*?!® have been 
studied by a number of investigators. Our 
measurements indicate a good agreement 
with the theoretical curves. Figs. 7 and 8 
present typical experimental data for point 
sources moved across the aperture on the 
source plane for the case of a cylindrical 
aperture and a coincidence detector. A 
positron emitter, As“, was used for the 
coincidence detector, and I! was employed 
for the cylindrical aperture. Pulse height 
discrimination was used in the latter case. 


% 
i 
O° Coincidence a 
count As 
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Fic. 8. Experimental resolution curve for coincidence 

detector. Two mm source moved across aperture on 

source plane at x/a = 1, b = 9-5 mm. Curves obtained in 

air and with 10 cm water moderator placed on each side 
of source plane. 


Three experimental factors will tend to 
modify the theoretical curves. First, the 
detector has a finite depth, and the assump- 
tion of a detector plane is obviously an 
approximation. The general effect of finite 
detector depth is to increase the apparent 
collimator length. In the case of the coin- 
cidence detection, this has the advantage of 
making the sensitivity distribution somewhat 
more insensitive to distance from the mid- 
plane, but maintaining the theoretical reso- 
lution. 


The effect of penetration of y-radiation 
through the walls of the collimator has been 
studied.“1-18) In general, the effect is equi- 
valent to an apparent increase in the radius 
of the collimator. It can be shown that the 
fractional increase in the resolution and in 
the apparent aperture diameter is given by 
the approximate expression: 


where y is the absorption coefficient of the 
collimator material—usually lead. For 
detection with a collimator of length 10 cm, 
this increase is only about 5 per cent. How- 
ever, for higher energy gamma-rays, the 
effect will be greater. It is of interest to note 
that the fractional increase in resolution 
depends only on the collimator length. This 
correction does not apply to coincidence 
detection, as shielding is not directly involved 
in this case. 

In any experimental efficiency determina- 
tion, a finite source must be used, and this 
will tend to increase the resolution. A simple 
correction may readily be made for this 
effect. However, in the case of positron 
detection, a more fundamental effect occurs. 
The positrons have an average range of the 
order of a millimetre before annihilation. 
This range will increase the resolution 
distance slightly. 

To compare overall sensitivities of the 
various collimating systems, the remaining 
three factors of equation (3) must be included. 
The quantity f will vary for each isotope, 
but is usually between 0-5 and 1-0 for both 
y- and positron-emitters. 7 will in general 
be smaller for positron detection, because 
two quanta must penetrate the object being 
scanned. s will also be somewhat smaller, but 
the absolute efficiency of scintillation de- 
tectors to y-rays can be made to approach 1, 
so that the requirement that two quanta 
be detected does not greatly decrease s. 
Although all these factors will effect the 
overall sensitivity, gq still remains the most 
important factor in the comparison. 

The use of square crystals for both single- 
channel detection and coincidence detection 
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has been investigated both theoretically and 
experimentally. An efficiency distribution 
having the form of a square on a source 
plane would obviously be ideal for rectilinear 
scanning, as a more uniform coverage of the 
isotope distribution would result. The com- 
plete portrayal of such efficiency distributions 
requires sets of diagrams, as three dimensions 
are involved. However, Figs. 3-6 for cir- 
cular detectors are adequate approximations 


4. EFFECT OF FINITE 


In the preceding section, the constant 7 
represented the attenuation of radiation 
originating from the source plane in the 
object being scanned. It is obvious that this 
attenuation wiJ] also affect the sensitivity 
distribution if the activity is distributed 
throughout a source of finite thickness. 
This effect may best be considered as 
a modification to the thin-source calcula- 
tions. 

It is of interest in this connection to 
examine the response of a detector to thin 
slabs of activity located at various depths in 
a finite object. If absorption in the object is 
neglected and if the slabs are of large area, 
the response of any detector will be inde- 
pendent of depth. This can be seen by 
direct integration of the isoefficiency curves 
or from the following argument. Consider 
a small solid angle segment constructed at 
the front surface of the detector. The area 
on the thin slab of activity defined by this 
solid angle will increase as the square of the 
depth. The efficiency of detection per unit 
area of slab will decrease with the inverse 
square of depth. Thus, these two effects 
will cancel and the overall response will be 
independent of depth. 

An object of finite depth may be con- 
sidered as a series of thin slabs of large area. 
The total sensitivity for each slab, neglecting 
source attenuation, will be equal. It is clear 
that the concept of a focal region in the 
isoefficiency distribution of a collimator may 
be somewhat misleading when considering 
an extended source. Although activity on 
the source plane will be detected at high 
resolution, any activity on planes other than 


to the distributions on the central plane of 
square detectors whose side dimensions equal 
the circular diameter, 6. In general, square 
detectors and circular detectors of equal 
width will provide approximately equal reso- 
lution in the direction of scanning, but the 
square detector will yield an increase in 
sensitivity both because of the larger detector 
area and because of the larger source area. 
This increase is approximately 60 per cent. 


SOURCE THICKNESS 


the source plane will be detected at lower 
efficiency but over a larger arc2. The resul- 
tant scan will show the activity on the source 
plane at high resolution, but superimposed 
on this will be the portrayal of activity on 
planes other than the source plane at lower 
resolution. The optimum situation will occur 
when the depth of the focal region covers 
most of the activity to be observed. 

This situation is somewhat easier to pro- 
duce with positron detection than with single 
detector methods, because the absorption 
does not affect the shape of the coincidence 
geometrical efficiency curves, i.e. Fig. 6 is 
valid for finite source thicknesses. The total 
distance traversed by the two annihilation 
quanta is independent of the source depth, 
and so the relative shapes of the curves are 
unchanged. The constant, 74, will be the 
same for each plane. In the case of single- 
detector techniques, the effect of source 
attenuation may be included by simple ex- 
ponential attenuation, providing the build- 
up of scattered radiation is neglected. ‘This 
may be a reasonable approximation if y-ray 
spectroscopy is employed. ‘The total response 
of slabs of large area will now decrease as 
e-“*, where uw is the total absorption coef- 
ficient of the y-rays in the object and x is the 
depth. The overall effect will be to decrease 
the efficiency values of Figs. 3, 4 and 5 at 
large x/a, and to compress the isoefficiency 
curves towards the detector. The magnitude 
of this effect will depend on the y-ray energy 
and the dimensions of the object being 
scanned. For large objects, this may limit 
somewhat the usefulness of single-channel 
techniques. 
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5. BACKGROUND EFFECTS 


The response of any detecting system may 
be written: 


md? 


R=p.e.q/ (8) 


Using the optimized value of p found in 
Section 2, equation (8) becomes: 


100A 
R= (9) 


Thus the response varies as the inverse square 
of d. 

Any detector response other than that 
obtained with the resolution d will be con- 
sidered background. This background can 
usually be expressed in terms of a power 
series of (1/d?), i.e.: 


B= B, + B,/d? + B,/d* + + - 
(10) 


where By, B,, By, etc. are constants of. the 
system independent of d. * will refer to the 
three single-detector methods and JB’ to 
coincidence detection. 

The following approximate analysis is 
applicable to the three single-detector sys- 
tems considered, i.e. single aperture I and II 
and the focusing aperture. In equation (10), 
B,° is the response of the crystal to cosmic 
radiation and y-radiation other than that in 
the object being studied. This quantity can 
be reduced by pulse spectroscopy, but is 
independent of d. The second term, B,', 
arises from the scattering of y-radiation. 
This term may also be reduced by spectro- 
scopy, but the finite resolution of y-ray spec- 
trometers means that some scattered radia- 
tion will be detected. In the object being 
studied, each volume may be considered a 
source of scattered radiation as well as 
primary radiation. Let the ratio between 
scattered radiation flux within an energy 
range which can be detected and the primary 
radiation flux be the constant, vu. This con- 
stant will be a function of the size and 
geometry of the object and the energy of the 
y-ray, but will be independent of the 


resolution d. The value of B,' will then be: 


100Au 
BY = - (11) 
The second term refers to primary radiation 
which has penetrated through the shield. 
If this penetration is termed 71, B,* will be: 


(12) 
Higher terms originate from second-order 
effects such as the penetration of scattered 
radiation. These coefficients are small, 
however. 

In the case of coincidence detection, two 
terms predominate. Although the coinci- 
dence detector has a response essentially zero 
in the absence of a source of positrons, there is 
a term which is independent of d, By’. This 
term results from the detection of simul- 
taneous but randomly orientated y-radiation 
and annihilation radiation which occur in 
certain decay schemes. A second term is 
proportional to 1/d‘, B,’, and results from 
the finite resolving time of the coincidence 
circuit. The detailed analysis of these two 
factors requires a more elaborate considera- 
tion of the decay schemes, and this analysis 
has been presented elsewhere.2” 

It is important to note that even though 
the amount of activity was not limited by 
other considerations, the background effects 
result in an optimum amount of activity and 
value of d. This is primarily because of the 
background terms varying as l1/d*. As the 
resolution is decreased and activity increased, 
the background effects will tend to mask the 
desired true response. Design considerations 
will modify the coefficients of the background 
terms, but an ultimate limit must be reached. 
In the case of a single detector, an increase in 
shield thickness and pulse spectroscopy will 
decrease the background effects, while in 
coincidence detection, choice of radioisotope 
and decrease in resolving time serve this 
purpose. Even with Nal detectors, resolving 
times of 0-1 usec may be employed, and with 
plastic crystals, resolving times one-tenth this 
value are attainable. 
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Fic. 10. Positron scan (PCG) on patient with tumor in 

frontal area. Scan of normal patient shows increased 

activity over face muscle and around periphery of head 
but a low, uniform content over area of brain. 
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Fic. 11. Unbalance scan (AGG) of patient shown in Fic. 12. Positron scan (PCG) in AP plane of patient 
Fig. 10. Cluster of straight marks over frontal area shown in Figs. 10 and 11. Tumor is seen to lie near 
indicates that tumor is slightly to left of midline. Curved midline but slightly to left. 

marks indicate a right unbalance. 
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6. INFORMATION ANALOGY 


Certain aspects of information theory are 
applicable to the scanning problem. Each 
radioactive disintegration within the object 
being scanned during the scanning period 
may be considered a bit of primary infor- 
mation. Thus, during the scanning period 
T, there occur pA/T bits. Because of the 
efficiency of detection, only the fraction 
€y7d?/4A are actually recorded by the de- 
tectors. This low overall efficiency of the 
order of 10-% to 10~° appears to be necessary 
to obtain the resolution. A further loss of 
information occurs in the electronic circuitry 
and in the scaling of pulses before printing 
or otherwise recording. The maximum 
available information is presented on the 
record if each pulse produces a print. How- 
ever, subjectively, the information appears 
more interpretable to the eye if some scaling 
is performed before printing. Scale factors 
between 4 and 10 are often used, and the 
latter value is used with the positron scanner. 
Very little information is lost so long as the 
distance between prints is less than the 
resolution distance. 

There recently has been a number of 
reports of non-linear recording. These take 


two forms, background subtraction and the 
use of a recording device with non-linear 
response such as_ photographic film. 
Although many of these serve the purpose of 
making good scans more spectacular, it 
should be noted that any such technique 
results in a loss of information as well as 
increasing the critical dependence on the 
various parameters. However, in certain 
cases such techniques may serve to emphasize 
the most useful information. This is particu- 
larly true in cases where it is desired to 
delineate an area of fairly high activity. 
Perhaps the soundest method is the direct 
recording of the primary data and subsequent 
treatment by electronic computation. It 
should also be remembered that the brain 
of the record reader is an efficient information 
processing device. 

Counts received from all background 
sources may be considered as noise. In 
general, it is desirable to keep the total 
noise counts below 20 per cent of that from 
the desired signal. As indicated in Section 4, 
the signal-to-noise ratio depends on the 
amount of activity and on the collimating 
system used. 


7. EXAMPLES OF SCANNING TECHNIQUES 


Fig. 9 illustrates the use of a cylindrical 
aperture to delineate a region of fairly high 
concentration of activity. In this study per- 


formed by Dr. Benpa, 
adsorbed on colloidal carbon particles was 
infused into the internal carotid artery of a 
dog as part of a study of the capillary fil- 
tration in the brain. Scans were obtained of 
the brain area and of the liver area. In this 
case no activity was found in the liver, 
indicating complete filtration in the brain. 
The scan adequately outlines the portion of 
the brain supplied by the internal carotid 
artery as well as several small nodes of 
activity resulting in tissues supplied by bifur- 
cations of the internal carotid. In this rather 
simple scanning problem, where _ large 
amounts of activity can be employed, the 
single-aperture technique is probably as 
satisfactory as any other. 


The localization of brain tumors in humans 
presents a more difficult problem because of 
the lower permissible amount of activity and 


Fic. 9. Single-channel scan with cylindrical aperture of 

Aul!®8 labeled carbon particles infused into the brain of a 

dog by intracarotid injection. Aperture dimensions 
b = 6mm, a = 152 mm. Symbol size is 5 mm. 
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the smaller concentration of isotope relative 
to surrounding tissue. Figs. 10-12 illustrate a 
positron technique for such localization.1) 
Fig. 10 is a lateral view of the distribution of 
As“ in the head of a patient who has a 
frontal tumor. The normal distribution of 
this radioisotope in the head shows a higher 
concentration over the muscle area of the 
face and around the periphery of the head, 
reflecting the higher concentration in muscle, 
scalp, and bone relative to normal brain. 
The area of the tumor is indicated by the 
dense concentration in the frontal region. 
This scan is called a positrocephalogram, or 
PCG for short. Two techniques are possible 
for determining the lateralization of the 
tumor. The first method is to compare the 
gross counting rates on the two sides of the 
head. Fig. 11 shows a scan of the detector 
unbalance for this patient. This scan is ob- 
tained routinely at the same time as the 
PCG scan, and two symbols indicate any 
unbalance in counting rate; a curved sym- 
bol for a right unbalance and a straight 
symbol for a left unbalance. The cluster of 
straight symbols over the frontal area shows 
the tumor is lightly to the left of midline, 


although the degree of unbalance is very 
slight. This scan is called an asymmetro- 
gammagram, or AGG for short. For more 
precise lateralization, a PCG may be per- 
formed in the orthogonal plane, or an AP 
view. Fig. 12 shows an AP scan on this 
patient, and the tumor is seen to be nearly 
on the midline, although slightly to the left. 
These three scans provide fairly precise in- 
formation for any therapeutic technique. 

This technique for brain tumor localiza- 
tion is now in routine use at the Massachu- 
setts General Hospital and elsewhere. In 
our laboratory, over 2000 patients have been 
scanned with this apparatus. 
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In the application of an automatic radioisotope scanning system to the visualization or 
delineation of large organs, emphasis has been placed on techniques applicable to the detection 
of a slight decrease of radioactivity in the presence of a highly radioactive surrounding, and 
the detection of a high concentration of radioactivity in the presence of an environment only 
slightly less radioactive. The general features of this method have been discussed together 
with a detailed account of increasing these small differentials by both a counting rate con- 
trolled contrast circuit and an accentuated technique of light recording. Clinical examples 
of the visualization of the thyroid, liver and heart with these techniques are presented. 


LES TECHNIQUES DE LA PERCEPTION DES ORGANES INTERNES AU MOYEN 
D°UN SYSTEME D’EXPLORATION AUTOMATIQUE A RADIOISOTOPES 
Dans |’emploi d’un systéme scrutant automatique a radioisotopes pour la perception ou pour 
la délinéation de grands organes, on a appuyé sur les techniques applicables a l’observation 
d’une petite diminution de radioactivité dans un entourage fortement radioactif, et a l’obser- 


vation d’une forte concentration de radioactivité dans un entourage qui n’est que trés peu 
moins radioactif. Ont été discutés les traits généraux de cette méthode, ainsi qu’un récit détaillé 
sur "augmentation de ces petites différentielles avec un circuit a contraste contrélé par le taux 
de compte et avec une technique accentuée d’enrigistrement de lumiére. Des exemples 
cliniques de la perception du corps thyroide, du foie et du coeur au moyen de ces techniques 
sont présentés. 


METO], BHYTPEHHUX OPPAHOB C 
ABTOMATHYECKOM CUCTEMbI 


IIlpu MeTOa JIA BUBya- 
WIM BbIABIeHHA KOHTYpOB KPYIHEIX OpraHOB OCHOBHOe BHMMaHMe 
BOBMOKHOCTH OOHAPYARUBATH Pa MOAKTUBHOCTH Ha (pone 
OCHOBbI MeTOa, a TAKAE PACCMATPHBAWTCA CHOCOOb ITUX 
Kak 3a CKOPOCTH CueTa, TAK 
3a cueT CBeroBol perucrpauun. KIMHMYeCKHe 


METHODE ZUR SICHTBARMACHUNG VON INNEREN ORGANEN MIT HILFE 
EINES AUTOMATISCHEN RADIOISOTOPEN-SCANNING-SYSTEMS: 


Bei der Anwendung des vorliegenden automatischen Radioisotopen-Scanning-Systems 
zur Sichtbarmachung und Darstellung von grossen Organen war man besonders interessiert 
an der Methode des Nachweises einerseits von einer geringen Abnahme der Aktivitat in 
Gegenwart eines hochaktiven Hintergrundes, andrerseits von hochkonzentrierter Aktivitat in 


* This articie is based on work performed under AEC Contract No. W31-109-eng-78 with Western Reserve 
University, Cleveland, Ohio. 
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Gegenwart eines von dieser nur schwach differierenden geringeren Hintergrundes. Die Tech- 
nik dieser Differnzierungsmethode wird besprochen, ausserdem werden die Méglichkeiten zur 
Verbesserung der Differenzierung durch einen von der Zahlrate abhangigen Kontrast- 


Stromkreis und eine besondere Technik der Lichtanzeige ausfiihrlich diskutiert. 


Klinische 


Beispiele der Sichtbarmachung von Schilddriise, Leber und Herz mit Hilfe dieser Technik 


werden vorgefiihrt. 


INTRODUCTION 


Tue selective deposition of various radio- 
isotopes, as well as the differential uptake 
by specific tissue structures, has long been 
recognized for its application to tumor 
localization as well as to many other 
diagnostic problems. The automatic radio- 
isotope scanner has been found quite useful 
for such procedures since it automatically 
performs measurements which previously 
were done manually and, in effect, resolves 
many of the problems which resulted from 
manual manipulation. 

In addition the automatic scanning tech- 
nique has made it possible to delineate the 
intensity and the character of the distri- 
bution of such selective deposition, which 
in turn has permitted graphic visualization 
of various structures. Although developed 
originally as a method of delineating the 
outline of the thyroid gland,“?) the 
application to the visualization of other 
structures has been extensive. & 7) 

These examples cited have been problems 
concerned mainly with delineating structures 
in which a steep differential in radioactivity 
exists between the region in question and 
its environment. The original visualization 


of the thyroid gland following the admini- 
stration of I'*! is, of course, an excellent 
example of this. While it is desirable in all 
cases to obtain these sharp differences in 
the distribution of radioactivity, there are 
many applications where a steep differential 
is not possible. For example, when two 
sites are to be demarcated by their differences 
in vascularity, this differential is inherent in 
the physiological structure. Similarly, in any 
deep-lying structure, even with large differ- 
ences of uptake between the site in question 
and its environment, it will be difficult to 
obtain a sharp differential since the volume 
subtended by the detector will include much 
of the surrounding tissue. Thus, once the 
collimator is optimized to the best detection 
ratio, the differential again cannot be 
increased by larger amounts of radioactivity. 

This study will therefore be primarily 
concerned with methods which will make 
readily perceptible small differences in the 
counting rates of scanned areas. For the 
most part, these techniques involve systems 
of accentuating these differences so that 
visualization of internal organs may be 
more easily obtained. 


EQUIPMENT 


1. Mechanical design 

The scanner used in the following investi- 
gation is of a conventional rectilinear 
co-ordinate system as shown in Fig. 1. 
The scan area encompassed is 22 x 26 in. 
with speeds available from 1—20 in./min. 

One of the advantages of automatic 
scanning is the reduction of statistical 
variation by recording over approximately 
the same area. If the increments between 
scanning lines are small, the scanner will 
overlap the volume seen with adjacent 
lines. Thus, if a variation in recording 
is observed at a specific site, this variation 
must appear on its next and subsequent 


traverses for the differential to be con- 
sidered significant. For this purpose, it 
has been found to be advantageous to 
utilize increments between successive lines 
of scanning that are considerably smaller 
than the collimator aperture. Thus, even 
with a collimator of jin. diameter, ten 
scanning lines per inch have been commonly 
used. In the present scanner this has been 
accomplished by use of a repeat cycle 
timer that controls the time of operation 
for the longitudinal traverse motor. 

In addition it was considered important 
to utilize a scanning mechanism capable 
of supporting, without appreciable sag, 
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large amounts of lead shielding. For prac- 
tical clinical problems apertures of one- 
quarter and one-half inch diameter in 
three inch length collimators have been 
required to obtain the desired resolution 
and definition. Since such apertures exhibit 
a low geometrical efficiency it is quite 
important that sufficient lead shielding is 
available to reduce the contribution of 
radioactivity from other sites to a minimum. 
For a localized distribution such as the 
thyroid scans with [!*!, this is not too im- 
portant; however, with whole-body distri- 
butions the contribution from other direc- 
tions other than through the aperture may 
be considerable. 

A minimum shielding of the crystal of 
3 in. of lead has been obtained at all angles 
below the horizontal plane of the detector. 
This has reduced the background of a din. 
diameter, } in. length sodium iodide crystal 
to 20 counts/min. The total weight of the 
scintillation head and shield as shown in 
Fig. | is 50 lb. To support this the entire 
mounting has been driven over ball screws. 


In almost three years of operation of this 
unit, wear has been minimal. 


2. Electronic design 


In the inherent problem of accentuating 
the recording of the site of interest over 
its surrounding medium, the first approach 
is one of minimizing the effects of the 
surrounding material. In a case where 
this background count is due to scattered 
radiation, ALLEN, RissER and GREENE'®? 
have shown excellent improvements by 
means of pulse height spectrometric methods. 
This can completely eliminate any radiation 
from being recorded except for direct 
radiation into the detector itself. Not 
only is Compton scattered radiation elimi- 
nated but background due to cosmic radia- 
tion is also greatly reduced. This technique 
has been particularly useful in scanning 
the thyroid gland since there is minimal 
activity anywhere except in the gland itself. 
In the differentiation of brain tumors 
from normal tissue, the problem is more 
difficult since a general level of radioactivity 
is presented with higher sites superimposed 


over it; however, the spectrometric tech- 
nique has proved of considerable value 
even in this determination. This method is, 
of course, useful only when the y-ray 
spectrum exhibits a fairly large photo-peak 
that can be selected. 

While this technique of increasing contrast 
is useful, it is of no value in differentiating 
sites that contain radioactivity in varying 
amounts which can still give direct radiation. 
A different approach to this problem was 
first made in 1952 by Curtis and CassEn ‘9? 
who developed a counting rate cut-off 
circuit by which the printing relay would 
be activated only over areas of pre-selected 
high radioactivity. This control unit was 
also arranged so as to speed up the scanning 
speed over areas of low counting rate and 
slow down over high areas. 

This circuit was satisfactory for small 
area scanning where slow speeds could be 
tolerated, but in the problem of scanning 
large areas a faster speed must be employed 
in order to adapt this to practical clinical 
investigation. At the speed we have selected 
for large organ scanning (10 in./min) the 
circuit would show too large a lag or 
memory effect. Thus, to obtain a cut-off 
circuit that would have a fast response 
time and also a sensitivity that would 
exhibit control on fractional increments, 
some modification has been necessary. 

The lag time of the above circuit was due 
in a large measure to the variation in the 
make and break current required to activate 
and deactivate the plate relay. Since this 
differential is normally quite large, it is 
necessary to have a fall in counting rate 
considerably below the pre-selected closing 
value in order to release the relay. To 
overcome this problem a control circuit 
has been deyised that follows the con- 
ventional counting-rate meter circuit with 
a modified Schmitt discriminator which 
incorporates this plate relay. This is shown 
schematically in Fig. 2. The circuit is set 
up to receive negative pulses from a scaler. 
The integrating circuit will swing negatively 
causing the relay in the plate of the 12AU7 
to switch when its grid reaches 55 V or 
when the grid of the 12AT7 drops to 
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Fic. 2. Schematic diagram of background cut-off circuit. 


approximately —1-1 V. Reversal of this 
action will occur when the grid of the 12AT7 
returns to about —1-0 V. With the d.c. 
coupling employed, the relay side of the 
12AU7 is conducting when the grid of the 
12AT7 is between 0 and —1-1 V. When 
the relay is closed the contacts are arranged 
so as to open the stylus recording unit so 
that no points may be recorded. As the 
grid of the 12AT7 is driven more negatively 
by an increased counting rate, the plate 
voltage rises and the opposite side of the 
12AU7 conducts. This closes the contact 
points in the plate relay and allows the 
scan to be recorded. With the largest 
capacitor selected feeding into the 6AL5 
and with the 5 MQ potentiometers at their 
position of highest sensitivity, this voltage 
is reached at about 60 counts/min. This 
then is the lowest recording rate available. 
For selection of exact counting rate to 
cause this switch-over, the potentiometer 


may be adjusted in any position. For 
large changes in counting rate it is difficult 
to adjust the potentiometer at the lowest 
end of this range, therefore three ranges 
have been selected by a choice of capacitors 
leading into the 6AL5. Variation of the 
voltage of the integrating circuit with 
counting rate using typical coupling capaci- 
tors is illustrated in Fig. 3. 

With the small hysteresis in the modified 
Schmitt discriminator the majority of the 
memory effect originates from the time 
constant (0-4 sec) of the integrating circuit. 
This time constant is sufficiently fast so 
as not to exhibit an excessive lag at the 
fastest speed selected. The probable error 
at the usual counting rates used is still 
relatively high but could easily be reduced 
by using a condenser larger than the 0-25 uF 
value shown in Fig. 2, provided a slower 
scanning speed could be tolerated. In 
essence, however, this has been an extremely 
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Fic. 1. Scintillation counter scanner. 
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Fic. 5. Complete electronic equipment for three-channel recording. 


Fic. 9. Film and dot scans of a toxic nodular goiter, with the greatest 

concentration in the enlarged right lobe. This scan obtained with a 

half inch diameter crystal and three inch collimation with each dot 

representing 20 counts. Approximately 67 yc distributed in the gland. 
Lower marking region refers to the suprasternal notch. 
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Fic. 14. Hepatoscan obtained from simultaneous dot and film recording 

following the administration of 175 jc of rose bengal (I1*1). The large 

defects distributed through the liver are the result of metastasis to the liver. 

Central marking area is caused by a Cs!%7 localizing source placed at 
the xyphoid process. 
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Fic. 15, Film recorded cardioscan showing the blood masses of the great vessels and heart 
chambers. Approximately 400 yc of iodinated (I!) human serum albumin administered. 
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Fic. 16. Cardioscan of a normal heart superimposed over a P-A roentgenogram film 
of the thorax. Scan obtained by the administration of 400 wc of iodinated (I1*?) 
human serum albumin. 


= 


Fic. 17. Film hepatoscan recorded with partially blended light for dimensional effect. 
150 ue of rose bengal (I'%') administered. 


4 j 
1958 


Fic. 18. Film recorded hepatoscan with settings at too high an accentuation range. Little change in 
density is observed between the thick right lobe and the thinner left lobe. Defects exhibiting only 
small deviations in counting rate would be completely lost. 
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Fic. 3. Linear variation of voltage produced on the 
integrating circuit with input counting rate for two 
ranges. The 0-002 uF condenser may be used for cut-off 
of counting rates from 100 to 1000 counts/min and the 
0-0004 uF condenser for rates from 1000 to 7000 counts/min. 
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satisfactory circuit for pre-selection of the 
counting rate cut-off control. 

In Fig. 2 three control circuit outputs 
are indicated, since we have found it 
advantageous to scan simultaneously with 
two or more recording styli set to record 
at various counting levels. The advantage 
of increasing contrast by selection of various 
scaling factors has been previously shown 
by JAcoss, Orvis and Borrman."® Because 
of the possible variations of scaling factors 
and because of the added advantage of 
having different levels of cut-offs available, 
we have employed three styli so that they 
might be used with scaling factors of eight- 
fold difference and of any independently 
chosen cut-off value. Conventional pulse 
shapers and binary pairs were used to 
provide independent variation of scaling 
factors for each stylus as shown in the block 
diagram of Fig. 4. As seen here each 
background cut-off circuit is individually 
controlled for each pen. The trigger circuit 
for each pen is connected in series to the 
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background cut-off relay so that only when 
this relay is closed will the stylus record. 

As an additional electronic aid to the 
selection of optimum parameters for scan- 
ning, a small counting ratemeter has been 
incorporated for preliminary estimation of 
counting rate variation and selection of 
background cut-off level. By observing 
the highest concentration in the organ to 
be scanned a scaling factor can be selected 
that allows the dots to be recorded as close 
together as possible without superposition. 
At the same time the region of greatest 
interest physiologically can be examined 
and the counting rate cut-off adjusted 
accordingly. 

The complete electronic equipment is 
shown in Fig. 5, wherein the counting 
ratemeter is illustrated mounted in the panel 
of the power supply, the scaler with high 
voltage supply is mounted above and the 
three pen background cut-off control circuits 
with variable scaling factors shown on top. 
To facilitate monitoring of the cut-off 
circuit itself, panel lamps have been placed 
in parallel with the relays so that the 
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Fic. 4. Block diagram of scanner circuitry showing 
independent choice of scaling factors and background 
cut-off for all three channels. 
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lights are shown on at any time the pens 
are available for recording. 


3. Recording devices 


While various types of recording devices 
have been considered for this visualization, 
the primary modification made here has 
been the adaptation of an oscilloscope for 
a photographic film representation. The 
use of a light that could be made syn- 
chronous with scanner position was_ first 
reported in 1951 by TURNER, 
NewsBerry and Hopr“” for a single unit 
scanner and later by ANGER?) as applied 
to a multiple scanner. 

In the technique used here a simple 
method of synchronizing a light beam with 
the position of the detector head has been 
accomplished by coupling electromechani- 
cally the position of the detector head in 
reference to the x and y deflection axes of 
an oscilloscope. The z axis was then modu- 
lated by the output from the detector so 


TRIGGER 
AMPLIFIER 


as to produce a visible record each time 
a count or a specified number of counts 
were recorded. The total effect of the dot 
distribution over the oscilloscope face was 
then recorded on film in a manner similar 
to the technique of MayNgorp and NeEw- 
BERRY.) In the present design, however, 
the stepping switch and raster have been 
eliminated so as to provide a continuous 
recording. A primary advantage of any light 
recording system involves the facility of 
modulating the response of the _ light 
beam so as to accentuate small differences 
in counting rate. This has been employed 
by et and BENDER") by 
utilizing both variations in film response 
and variations of light intensity with count- 
ing rate. In the following system a wide 
selection of response accentuation has been 
obtained by modulation of the oscilloscope 
beam intensity. 

For a response linear with counting rate 
the oscilloscope beam intensity is constant, 
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Fic. 6. Block diagram of oscilloscopic film recording. When using the accentuation control, the CRT beam 

is grid-modulated by each pulse by means of a positive voltage from the accentuation amplifier. This voltage 

is a function both of the pulse rate and the RC components in the grid circuit, with the value of this function 

(gain) controlled by changing the RC circuit resistance value. Without the accentuation amplifier, the CRT 

grid has a conventional grid return, with the modulation of the beam being achieved by changing the 
cathode voltage from a cut-off to a conducting bias value with each pulse. 
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Fic. 7. Optical density of film exposed at various counting rates. The slope of the accentuated density is a function 
of the accentuation setting (A). Variation of the spot size (F;, F,) does not change the slope but repositions 
the curve. 


with the greater exposure of the film at 
higher counting rate due to the greater 
superposition of dots by the oscilloscope 
beam per unit time. The intensity of each 
dot may also be arranged to increase non- 
linearly with the counting rate so that the 
increased counting rate produces a greater 
exposure of the film not only by the greater 
superposition of the dots but also because 
each dot at the higher counting rate is 
individually more intense. 

This latter effect was accomplished by 
allowing the input pulses to control the 
average voltage obtained on an integrating 
resistance-capacitance network with the re- 
sulting d.c. voltage level produced used to 
accentuate the intensity of the beam. Thus, 
by various settings of the resistance-capaci- 
tance circuit, either a slight or large increase 
in d.c. modulating voltage and beam in- 
tensity can be produced by a specified 
increment in counting rate. In addition, 


the ambient level of intensity of the oscillo- 
scope beam may be easily controlled so as 
to select a specific counting rate at which 
the beam may be barely perceptible. A 
block diagram cf this arrangement is shown 
in Fig. 6. 

In Fig. 7 typical curves of counting 
rate versus optical density are shown for 
various settings. The two controlling factors 
that determine the response of the film 
include the intensity setting, which deter- 
mines the minimum counting rate recorded, 
and the accentuation setting which selects 
the slope of increase and thus determines 
what maximum counting rate may be 
recorded before film saturation is reached. 

An additional advantage of light re- 
cording is the ability to superimpose the 
actual scan on the same X-ray negative. 
Because of this the conventional oscillo- 
scope camera was discarded and a wide angle 
lens focused so that the actual size of the 
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scanning area could be duplicated on the 
film record. It is of interest to note in this 
latter respect that with this technique the 
size of the oscilloscopic dot may be adjusted 
to the actual size of the collimated beam 
so that an exact representation may be 
obtained of the radioactivity actually seen. 

The primary disadvantage of conven- 
tional light-recording is the narrow range 
of effectiveness at which a small increase 
in counting rate may quickly saturate the 
film. While this may not be undesirable in 
such applications as brain tumor scanning “*? 
where a presence or absence of abnormality 
is all that is desired, it is a distinct dis- 
advantage when a large irregular scan of 
varying rates must be reproduced. It is 
for this latter application that the oscillo- 
scope technique has provided a satisfactory 
solution. By selection of maximum and 
minimum counting rates the optimum ac- 
centuation of density with counting rate 
may be selected. Without such a choice, 
however, a large portion of the advantage 
of light recording may be lost. 

In addition to the film recording, simul- 
taneous scan recording by various types of 
stylus devices have been employed. Because 
of the ease of control and quietness of 
operation, the majority of the work done 
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has been with the electrosensitive Teledeltos 
paper as used by Jacops, Orvis, and 
BorrMan.”9) Some difficulty has been 
found in the multi-pen operation with the 
original use of thyratron discharge tubes. 
For this reason, a hard tube univibrator 
circuit has been utilized. A plate relay 
in the conducting side of this circuit may 
then regulate the time of application of 
the marking voltage to the electrosensitive 
paper. 

The variation of the size of the dot made 
by discharge of the current through the 
paper appeared somewhat critical with 
both voltage breakdown and total coulomb 
discharge. Satisfactory results were obtained 
charging a 0-25 wF condensor to 400 V 
and discharging this through the electro- 
sensitive paper. 

This circuit has also been adapted to 
close a relay that could subsequently activate 
a solenoid to either drive a stylus on pressure 
sensitive paper or a felt-tip inking pen. 
Both of these methods have been examined 
with apparently little to choose between 
them. These three methods are essentially 
the same; that is recording a line, dot, or 
mark on recording paper for every specified 
number of impulses to the detector itself. 


APPLICATION OF CLINICAL TECHNIQUES 


As previously stated, this investigation 
has been primarily concerned with the 
problem of visualization of the distribution 
of radioisotopes in internal organs with 
but a small differential uptake at the site 


of interest in relation to its immediate 
environment. Because of this, the delineation 
of the thyroid gland with I?*! has not been 
given too much attention since satisfactory 
scans may be obtained without such ac- 
centuation techniques. 

As an example, Fig. 8 shows a thyroid 
gland scanned both with and without the 
background cut-off circuit. Although the 
elimination of the scattered background 
improves the appearance, the gland may 
still be outlined by conventional techniques. 
Increased resolution obtained by this method 


is illustrated, however, since with the 
background circuit employed, the extension 
of the active tissue of the right lobe into 
the thyroglossal duct may be identified. 
Without the use of the background cut-off, 
such a low concentration might easily be 
missed. A comparison of simultaneous 
scans of a toxic nodular goiter made by 
both dot and film recording is further 
illustrated in Fig. 9. 

A more difficult problem of delineation 
is the visualization of the structure of the 
liver following the administration of such 
materials as rose bengal (I'*!), tetraiodo- 
phenolphthalein (I'%1) and colloidal gold 
(Au!®8), In this case there are several 
complicating factors. First, rather than a 
complete accumulation of the radioactive 
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Fic. 8. Simultaneous scans of a thyroid gland with and 
without the background cut-off circuit employed. Note 
the extension of active tissue into the thyroglossal duct. 


material into the site under investigation, 
there is instead a general surrounding 
background of radioactivity always radi- 
ating from the patient. This is due not 
only to the incomplete clearance of such 
materials as rose bengal and _tetraiodo- 
phenolphthalein from the circulating blood 
but also that these materials once accumu- 
lated by the liver are excreted into the 
bowels through the common bile duct. 
Secondly, the size and depth of the liver 
make high differentials difficult to obtain, 
since the detector must view a large seg- 
ment of normal liver tissue both above 
and below any suspected abnormality in 
the organ. 

The use of the background circuit to 
minimize this general background is shown 
graphically in Fig. 10 and Fig. 11. In 
Fig. 10 a normal liver has been recorded 
simultaneously with and without the back- 
ground circuit cut-off. As seen here, without 
the background circuit employed, little is 
seen of the outline except for the higher 
concentration of the gall bladder at the 
lower left center portion of the scan. Fig. 11 
shows an enlarged liver recorded simul- 
taneously with and without the cut-off 
circuit, and in Fig. 12 a typical normal 
liver as recorded by this technique is 
illustrated. 

The value of this circuit is exemplified 
graphically in Fig. 13, wherein a defect 
is noted in the upper left lobe of the liver. 
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In this region, the normally functioning 
liver tissue has been replaced by tissue 
that does not accumulate the radioactive 
dye. This reduction in concentration of 
radioactivity is then reflected in a counting 
rate below the cut-off level which in turn 
produces a void in that region of liver 
visualization. A more grossly invaded liver 
as recorded by both dot and film recording 
is shown in Fig. 14. 

It must be emphasized at this point 
that success or failure of visualization of 
such defects is contingent upon the care in 
setting the cut-off level. The presence 
of a defect (an area of non-functioning 
liver that has not accumulated any radio- 
activity) may often account for a decrease 
in counting rate of only about 30 per 
cent. Thus, to obtain a complete void in 
this area of the scan, the cut-off level must 
be set somewhat less than 30 per cent 
lower than the normal liver counting rate. 
If, however, the cut-off level is set too 
high, fluctuations of the counting rate will 
cause continuous interruption of the re- 
cording, and numerous artifacts or artificial 
defects will appear on the scan. It is for 
this reason that multiple pen recording 
has been utilized, with one stylus normally 
set to record everything above the patient’s 
body background. Complete clinical details 
of this liver scanning have been reported 
elsewhere. ‘15) 

While most of this previous work has 
been performed by use of materials that 
have in some degree been preferentially 
absorbed, this is not a requirement for 
these techniques. Physical presence alone 
may provide a sufficient differential for 
this method, and it is on this principle that 
these techniques have extended to the 
visualization of various vascular sites through 
the intravenous injection of iodinated (I'*) 
human serum albumin. In this technique 
the scanning is initiated within ten minutes 
following injection so that a general back- 
ground is present at all points of the patient’s 
body. The differentiation in this technique 
must then be one of distinguishing a greater 
vascularity in the presence of a continuous 
general level of circulating blood. 
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Without background cut-off 


With background cut-off SCM 


Fic. 10. Normal liver scanned simultaneously with and without background 

cut-off circuit. Approximately 250 yc of tetraiodophenolphthalein (11%!) 

administered. From MacIntyre W. J., Houser T. S. and Tuomas C. C. 
Amer, J. Roentgenol. 77, 471 (1957). 
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Without background cut-off 


With background cut-off = 


Fic. 11. Enlarged liver scanned simultaneously with and without the 

background cut-off circuit. Approximately 200 jc of colloid Aut®* admin- 

istered. From MacIntyre W. J., Houser T.S. and Tuomas C, C. 
Amer, J. Roentgenol. 77, 471 (1957) 
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Cardiac depression 


“ Hilar notch 


= 4cm 


Fic. 12. Normal liver scanned with 150 yc of rose bengal (I14). 
The relation of the cardiac depression and hilar notch to the xyphoid 
process is shown. 


One of the applications in this category 
has been the visualization of a cardiac 
blood pool as illustrated in Fig. 15. Since 
the tagged albumin is relatively stable in 
the circulating blood over normal scanning 
periods, it has been possible to delineate 
the cardiac blood pool even when sur- 
rounded by the high vascularity of the 
adjacent lungs. It is in this application 
that the light-recording method was origi- 
nally utilized. Since a sharp outline was 
desired rather than an extended range of 
varying concentrations, the contrast of the 
film was set with high accentuation in 
order to give the greater contrast of inter- 
pretation. 

The configuration of a normal cardio- 
scan as recorded on Teledeltos paper is 
shown superimposed over a P-A roentgeno- 


gram of the thorax in Fig. 16. Since this 
shows graphically the area of the blood 
pool in comparison with the cardiac sil- 
houette, these techniques have been suc- 
cessfully used as a diagnostic aid in the 
differentiation of pericardial effusion from 
cardiac enlargement.2® Similar appli- 
cations of these vascular techniques have 
also been applied to visualization of an- 
eurysms of the thoracic and abdominal 
aorta, differentiation of aneurysm of the 
aorta from mediastinal and abdominal 
masses, and identification of space-occupying 
lesions. 

In general most of the film-oscilloscopic 
recordings have utilized a fairly large dot 
with an attempt to blend visualization of 
the entire organ. Fig. 17 shows a typical 
liver recording where a dimensional effect 
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Fic. 13. Hepatoscan obtained with 200 yc of rose bengal (I!*1). The 
large defect in the upper left lobe illustrates an isolated area of non- 
functioning tissue. 


is produced by visualization of the greater 
density in the central portion of the liver, 
shading off to a lighter recording at the 
thinner periphery. This represents an ac- 
curate matching of the counting rate re- 
sponse, as compared with Fig. 18, where the 
density range is too narrow. In this illus- 
tration the setting of the accentuation 
control was so steep so that film saturation 


was recorded at too low a counting rate. 
Thus, when recording at higher counting 
rates occurred, little differentiation could 
be observed on the film. This again points 
out that, for film technique to be successful, 
the increased contrast must occur at the 
counting range of the suspected defect; 
otherwise the defect will be obscured and 
only the solid outline of the organ will be seen. 


CONCLUSION 


Since differential accumulation is one of 
the primary features for clinical uses of 
radioactive isotopes, the visualization by 
automatic scanning has contributed much 
to such applications. It has been the 
purpose of the present investigation to 


explore the possibilities of the extension 
of this technique to such cases where only 
a modest difference in counting rate exists 
between adjacent structures. This has re- 
solved primarily to a selection of various 
methods of accentuation of such small 
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differentials so that additional clinical pro- 
blems might now be considered feasible. 
Such techniques are to be considered as 
aids in visualization and not as a_ sub- 
stitution for either obtaining large differen- 
tials or for collimation techniques that would 
result in a higher signal to background 
ratio. Such magnification of small differen- 
tials is indicated when the optimal ratio 
is still too small for adequate delineation. 
This system of scanning focuses attention 
on small critical differences in counting 
rate rather than the entire gross area. 
Various techniques have not at present 
been incorporated in this study. Pulse 
height spectrometric technique has been 
discussed earlier, and in addition the in- 
creased efficiency representing that which 
could be achieved by the use of focusing 
collimators ‘17 1819) has not as yet been 
realized. It is from the latter that con- 


siderable help is expected since low differen- 
tial accentuation is limited mostly by the 
statistical fluctuation inherent in low count- 
ing rates. With increased detection effi- 
ciency both resolution and accentuation 
may be extended so that these techniques 
might be useful in many additional clinical 
applications. 
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Estimation of the Rates of Uptake of Rb” by 
the Heart, Liver and Skeletal Muscle of Man 
with and without Cardiac Disease* 
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The rate of uptake of Rb*® from the blood by the myocardium was estimated in a group of 
subjects with coronary arteriosclerosis and compared to the rate in controls and in subjects with 
other types of heart disease. These studies were prompted by experiments in dogs which showed 
that the amount of coronary blood flow is probably an important determinant of the rate of 


VOL. 
3 uptake of Rb®*, Two-thirds of the Rb* in arterial plasma is removed during one circulation 
1958 through the dog’s heart. The rate of Rb®® uptake is increased by /-norepinephrine and 
decreased by pitressin, changes which are in the same direction as the known effects of these 


drugs on coronary blood flow. The rate of uptake of Rb’® would also probably be affected by 
differences in the kinetics of potassium within the myocadrium, since rubidium and potassium 
are very similar in their biological and chemical properties. The differences in rate of uptake 
of Rb®¢ by the myocardium in different dogs could be estimated within 20 per cent by using a 
scintillation counter placed over the precordium of the intact animal. This report summarizes 
the findings in 35 human subjects studied by methods similar to those used previously in dogs. 


ESTIMATION DE LA VITESSE D’ABSORPTION DU RB** PAR LE COEUR, LE 
FOIE ET LES MUSCLES SQUELETTIQUES CHEZ L’HOMME SOUFFRANT ET 
NON SOUFFRANT DE MALADIE CARDIAQUE 


La vitesse d’absorption du Rb** hors du sang par le myocardium fut estimée chez un groupe 
de sujets souffrants de l’artériosclérosie coronaire et fut comparée a la vitesse chez des con- 
troles et chez des sujets souffrants d’autres formes de maladie de coeur. Ces études s’indiquérent 
a la suite d’experiences avec des chiens, qui indiquaient que la force de circulation du sang 
coronaire serait probablement d’importance a déterminer le taux d’absorption du Rb*®. Les 
deux tiers du Rb*¢ dans le plasma artérial est enlevé durant une circulation a travers le coeur 
de chien. La vitesse d’absorption du Rb*6 est augmentée par /-norepinephrine et diminuée par 
la pitressine, ces changements étant du méme sens que les effets connus de ces drogues sur la 
circulation du sang coronaire. Le taux d’absorption du Rb* tiendrait aussi, probablement, des 
différences de kinétique du potassium dans le myocardium, vu que le rubidium et le potassium 
sont trés pareils en propriétés biologiques et chimiques. On pouvait juger a 20 pour cent prés le 
taux de l’absorption du Rb* par le myocardium de différents chiens au moyen d’un compteur a 
scintillation situé sur le précordium de l’animal intacte. Cette communication fait résumé des 
observations sur 35 sujets humains étudiés par des méthodes pareilles a celles qui ont déja 


servi pour les chiens. 


* Supported by the Rowell A. Billups Fund for Research in Heart Disease and aided by a U.S. Public Health Service 
Grant, No. H-143. Presented before the Central Society for Clinical Research, November 9, 1956. 
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ONPENEJIEHHWE CROPOCTM HAROIWIEHMA Rb* B CEPIITE, 
NEYEHU CREJETHOIM MYCKYJIATYPE UEJIOBERA IIPM CEPEUHbIX 
S3ABOJIEBAHHAX OTCYTCTBUM MOGIETHUX 


Cxkopocrb Rb* B TKAHM MMOKapja nocrynaenun Rb* 
OTH ObLIM BbISBAHbI ONLITAMM Ha COOaKAaX, YTO OObeEM KOPO- 
HapHOro KpOBOTOKAa ABIAeTCA NOBUAUMOMY P@aKTOPOM, BJIMAIO3M Ha CKOPOCTb 
norsomenua rperu Rb** u3 M1a3MbI 3a OHM Kpyro- 
oOopoT KpoBH yepes cepaye codaku. CKopocTb norsomenua Rb** 
YMeHbWaeTCA BBeeHHM OTM M3MeHeHMA B 
Rb** copnaqawr 0 C XOpOlIO M3BeCTHBIM 
Ha KOpOHapHblii KpoBoToK. CKopocrb Rb* 
BaBCeTh OT KMHETHYeCKUX OOMeHA B 
B CKOpocTH Torsomenua Rb** muokapyqOM COOAK MO“KHO ObLIO 
pacnosaraemoro Ha B qannoii crarbe CyYMMapHble 
TeM, KOTOPble B OMbITAX Hay COOaKaMH. 


BESTIMMUNG DER AUFNAHMSRATE FUR Rb®’ VON HERZ, LEBER 
UND SKELETTMUSKULATUR BEI PATIENTEN MIT UND OHNE 
HERZERKRANKUNG 


Die Rate der Aufnahme des Rb*® aus dem Blut durch das Myocardium wurde fiireine 
Gruppe von Coronararteriosklerose-Fallen bestimmt und mit der Aufnahme bei Kontroll- 
personen und bei Patienten mit anderen Herzerkrankungen verglichen. Voruntersuchungen 
an Hunden hatten gezeigt, dass die Menge des coronaren Blutstromes entscheidenden Einfluss 
auf die Aufnahmsrate von Rb*® besitzt. 2 Drittel des Rb*®® im arteriellen Plasma verschwinden 
wahrend einer einzigen Zirkulation durch das Herz des Hundes. 1-Norepinephrin vermehrt, 
Pitressin vermindert die Aufnahmsrate des Rb®®, d.h., ihr Einfluss wirkt in derselben Richtung 
wie der an sich bekannte Effekt dieser Medikamente auf den coronaren Blutstrom. Die 
Aufnahmsrate des Rb*® wird wahrscheinlich auch durch die Unterschiede des Kaliumumsatzes 
innerhalb des Myocardiums beeinflusst, da Rubidium und Kalium in ihren biol gischen und 
chemischen Eigenschaften sehr verwandt sind. Mit Hilfe eines Szintillationszahlers, welcher 
ausserlich itiber dem Praecardium des Tieres angebracht wurde, konnten die Unterschiede 
der Rb*® Aufnahmsrate fiir das Myocardium bei verschiedenen Hunden auf 20° genau 
bestimmt werden. Die vorliegende Arbeit bringt die Ergebnisse bei 35 Patienten, bei welchen 
die gleichen Untersuchungsmethoden angewandt wurden wie urspriinglich bei den Versuchen 
mit Hunden. 


INTRODUCTION 


Tue behavior of rubidium and potassium in 
a wide variety of biological processes has 
been found to be similar, but not identical. 
They have similar effects on the electro- 
cardiogram and on the contraction of the 
isolated heart, and are partitioned between 
the plasma and myocardium in almost 


identical ratios.7.2)  Rb8® was used in these 
studies as if it traced potassium because the 
1-1 MeV y-emission of Rb®® is suitable for 
detection with an external scintillation 
counter and its 73 of 19-5 days makes it a 
more convenient isotope to use than K*, 


with its 7’} of 12-4 hr. The objective was to 
use external counting techniques to measure 
aspects of normal human myocardial potas- 
sium metabolism, and to determine whether 
or not heart disease has any significant effect 
on the myocardial turnover of Rb®*. Further 
more, since potassiumand rubidium exchange 
rapidly between the heart and circulating 
blood, any impairment of coronary blood 
flow or effective vascular permeability might 
be reflected in a reduction in the uptake 
of Rb%® that would be of diagnostic 
value. 


Uptake of Rb** by the heart, liver and skeletal muscle 


METHODS 


Subjects. ‘Table 1 summarizes clinical data 
on the subjects. The patients who served as 
controls had no evidence of heart disease and 
were hospitalized because of other illnesses 
which were not thought to be affecting the 
cardiovascular system. None of those with 
heart disease was in congestive heart failure. 
Of the subjects with angina pectoris, three 
were found to have minimal left ventricular 
hypertrophy on fluoroscopy; while the heart 
was of normal size in four. Four subjects 
with angina pectoris had suffered infarction 
of the myocardium more than six months 
prior to study, and in the remainder the 
electrocardiograms showed inverted 7' waves. 
One of the patients with angina pectoris was 
working as a crane operator and another was 
a welder. The average blood pressure at the 
time of study in those with hypertension was 
213/122 mm Hg. Two patients without 
heart disease and one each with angina 
pectoris and pulmonary hypertension 
received 0-1 g pentobarbital or secobarbital 
1 hr prior to the procedure because they had 
been apprehensive on the day prior to the test. 

Regions studied. ‘The areas studied were 
located by fluoroscopy with the subject supine 
and breathing quietly. These were: the 
precordium over the approximate center of 
the combined ventricular muscle, the pre- 
sternal area overlying the great vessels and 
superior to the myocardium, the lower 
anterior right chest over the liver and the 
anterior midportion of the left thigh. 

Rb8° injection. An infusion containing 0-2 
mc Rb%* in 40 ml of 0-85 per cent NaCl 
solution was given intravenously at a 
decreasing rate for 35 min. The injection rate 
shown in Fig. la maintained an essentially 
constant plasma concentration of Rb*® 
(Fig. 1b). 

Blood specimens. Arterial blood was 
obtained from an indwelling femoral needle 
at the intervals indicated in Fig. 1b. The 
concentration of potassium was determined 
flame photometrically with a Beckman DU 
spectrophotometer in a 100-fold aqueous 
dilution of plasma, and the concentration 
of Rb8® was measured with a G.M. tube 


Table 1. Clinical data on the 
subjects studied 


No. | Age 
| 


| Sex 


Weight 


Hema- 


| Diagnosis 


Subjects without heart disease 


116 


"ESE 


| 0-36 | Carcinoma of lung 
| 0-33 | Cirrhosis 
| 0:27 | Azotemia 


0-43 Carcinoma of lung 


0-48 Gastrointestinal 


bleeding 


| 0-25 | Carcinoma of stomach 


0-48 | Spastic colon 
0-48 | Pneumonia 


| 0-45 | Hodgkin’s disease 


0-39 | Carcinoma of lung 


| 0-47 | Peptic ulcer 
| 0-36 | Carcinoma of lung 
| 0-34 | Orthostatic hypo- 


tension 


0:39 | Neurofibromatosis 


0-37 Hodgkin’s disease 


_ 0-40 | Carcinoma of lung 


Subjects with angina pectoris 
174 | 0-49 | Angina pectoris 


173 | 


162 
151 


201 | 


0-44 Angina pectoris 
0-48 Angina pectoris 
0-45 | Angina pectoris 
0-51 | Angina pectoris 


101 | 0-48) Angina pectoris 


144 


0-40 Angina pectoris 


* Subjects with other forms of heart disease 
169 | 0-26 Hypertension 


150 | 
120 


0-42 Hypertension 
0-29 | Hypertension 
0-35 | Hypertension 
0-39 | Hypertension 


0-51 | Cor pulmonale 

0-49 | Idiopathic pulmonary 
hypertension 

0-46 | Mitral stenosis, ventri- 
cular septal defect, rt. 
ventricular hypert- 
rophy 


0-39 Complete heart block 
0-40 | Hypertension, possible 


| . . 
| myocardial infarction 
| 


0-36 | Probable arterios- 


clerotic heart disease 
0-36  Healed, silent myocar- 
dial infarction 


209 
301 | 38 = 
303 «68 110 
304 68 126 
305 | 58 7 
306 | 77 
307 | 65 151 
308 | 55 150 
309 | 35 124 
311 | 21 3 ie 
312) 71 140 
29 120 
318 66 93 
320 70 108 
| 
324 39 
3 325 | 23 
328 | 44 7 
(958 
315 | 55 
319| 73 |M 
321 | 61 | M 
3221 43 
323 | 42 |M| 
327 | 48 | F 
335| 68 | F | 
317, 49 | M 
329 43° 
332 | 31 157 
334) F | 125 
302 |M_s114 
310, 42 | F | 93 
330 21 ill 
316| 58 | F | 127 
326 | 61 |M_ 168 
331| 64 |F | 142 
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Relative rate of Rb°® infusion 
Concentration of Rb in arterial plasma, 


Minutes after start of Rb® infusion 


Fic. 1. Time course of the rate of injection of Rb** (a) and the resulting mean concentration 
of Rb*® in the arterial plasma of man (b). Bars indicate the standard deviation. 


Lead 
shield 


7 
7 
Z 
Z 


L 


Fic. 2. Collimation of scintillation ratemeter in terms of the relative 
counting rate of a Rb®® source in air. 
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by methods previously described.) The 
patients were studied in the morning with 
breakfast omitted. 

Measurement of regional radioactivity. Exter- 
nal radiation was measured with a recording 
scintillation ratemeter* with a 20 sec half- 
time and a heavily shielded Nal crystal as 
indicated in Fig. 2. A relatively small 
aperture was used to minimize differences in 
counting rate which might be caused by 
variations in heart size. The bulky shield 
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as possible after cessation of the infusion. 
At the conclusion of the procedure a speci- 
men of urine was obtained and its potassium 
and Rb§** concentration measured. The 
hematocrit was determined using a tube of 
3 x 100 mm bore which was centrifuged at 
2000 RCF for 45 min. 

Administration of drugs. Nitroglycerin was 
given sublingually to 18 patients after 
approximately 18 min of Rb** infusion. All 
received 0-65 mg initially and 9 were given an 


150 


pressure 


Systolic blood 


Sex Pulse rate 
Diastolic blood 
pressure 


Hg and pulse rate/min. 


Nitroglycerine 0°-65mg 


rdium 


Precondium 


T 
Liver 


— 


| 


er sternum 
Upper sternum 


J 


Upper sternum 


Infusion 


\ 


discontinued 


£ 
a 
a 
3 
= 
a. 
O 
2 
2 
3 


10 15 


25 30 35 


Minutes after start of RE°° infusion 


Fic. 3. The externally recorded radioactivity, pulse and 
blood pressure in subject no. 314. 


was necessary to eliminate interference from 
the Rb** in other tissues, particularly the 
liver. Collimators employing spectroscopy 
and lighter shields were not tested. The 
patients were studied while supine on a bed 
which was adjusted so that the skin of the 
precordial area was not more than | cm 
below the shield. Their exact position was 
checked frequently by means of a retractable 
periscope (Fig. 2) mounted in the wall of the 
shield to ensure accurate positioning despite 
the closeness of the anterior chest wall to the 
large shield. The position of the bed was 
changed in order to record from different 
areas as indicated in Fig. 3. The areas over 
the liver and the thigh were measured as soon 


additional 0-65 mg 5—10 min later. Subjective 
reactions to the drug were minimal although 
there was an average increase in pulse rate of 
12 beats/min and a fall in blood pressure of 
25 mm Hg systolic and 5 mm Hg diastolic 
during the period of maximal effect. Two 
patients were given 10 mg isopropylarterenol 
(Isuprel®) sublingually without any effect 
on pulse rate or blood pressure. 

Second day. Twenty-four hours later, the 
radioactivity of the same areas of all subjects 
which had been studied originally was again 
measured and the concentrations of potassium 
and Rb%*® were determined in plasma 
obtained from the median basilic vein, 
usually without stasis. 


RESULTS AND INTERPRETATION 


The full data from a representative patient are 
given in Fig. 3 and Table 2. 
Plasma concentration of Rb’®. The mean concen- 


* W. S. MacDonald Co., Type 155. 


tration of Rb®* in the arterial plasma of each subject 
is shown in Fig. 4a. In subjects without heart disease 
the average concentrations varied by 14 per cent (co. 
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Taste 2. Data from a representative control subject no. 314 


First day 


| 


Second day Rise of 
ise o 


Location Elapsed 


time 
(min) 


net 
counts/min 


C, 


counts/min 


radioactivity | | Clearance of 
counts/min | plasma Rb®* 


net 
per min 


18 


. Precordium 


. Upper 
sternum 


18 


0-00310 


3. Liver 33 3-87 


0-00280 


4. Thigh 33 (0-44 


| 
| 
| 
| 
| 
0-00559 
| 
| 
| 
| 


0-00087 


1-2 
(Myocardium) 18 


| 


0-0125 


C,, C, and k are defined in the text. 


Clearance of plasma Rb*® = (rise in radioactivity/mean plasma Rb®*) x 1000 


1-18 min 


| 


| 1-33 min Second day 


Mean plasma, counts/min per ml 


1870 


| 1840 
| 


Mean plasma potassium mequiv/I. 


Mean Rb®*/potassium 


var.). The presence of plasma Rb*® concentrations 
higher or lower than the mean was not apparently 
related to variations in the amount of body fat or the 
muscular development. The plasma concentrations 
of Rb*® averaged 57 per cent higher in subjects with 
angina pectoris than in the control subjects. The 
concentration in those with other forms of heart 
disease was between that for these two groups. 

Since an essentially constant concentration of Rb®® 
was maintained in the plasma of these subjects, the 
rate of removal of Rb*® from the plasma must have 
been equal to the rate at which it was injected. The 
uptake of Rb*® by the tissues of the body as a whole 
can be defined in terms of the circulation as the 
product of the mean values for the rate of plasma 
flow, Rb** concentration and the extraction ratio i.e. 
the difference between the concentration of Rb®® in 
arterial and mixed venous plasma. This may be 
expressed as follows: 


injected = Rb** removed 
x arterial plasma concentration of Rb*® 
,, (arterial plasma Rb**—venous plasma Rb*®) 
arterial plasma Rb*® 


plasma flow 


Since the concentrations of Rb** in arterial plasma 
illustrated in Fig. 4a have been corrected for differ- 
ences in the amounts injected, the patients with higher 
than average plasma Rb*®® concentrations must have 
had low rates of plasma flow or low fractional extract- 
ion of Rb8*, or both. Under these conditions the 
average concentration of Rb®® in the arterial plasma 
reflects the product of plasma flow and tissue extract- 
ion for the body as a whole. This product for each 
patient is shown in Fig. 4b. Retention in the plasma 
of approximately 5 per cent of the Rb®® injected 
would have been sufficient to produce the differences 
in concentrations of Rb®* in the plasma of patients 
with angina pectoris and those without heart disease. 
Therefore the total amount of Rb*® that was taken 
up by the tissues in all patients was almost equal to 
that in the control subjects. 

Regional rates of uptake of Rb®*. The rates of Rb&® 
uptake by the tissues of the different regions studied 
were obtained from the radioactivity recorded when a 
collimated counter was placed over each area. 

Two different methods were used to measure the 
uptake rates of Rb*® in the various regions. The first 
resulted in an estimate of the overall rate of exchange 
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Fic. 4. The mean radioactivity of the arterial plasma (a) 
and the rate of overall uptake of Rb®® from the plasma (b) 
in each subject receiving an intravenous infusion of isotope. 


of potassium in the tissue of the area with the potassium 
in plasma, i.e. the turnover rate. Although this 
involved several idealizing assumptions, it was 
possible to compare one area with another, and errors 
due to variations in geometry from subject to subject 
were probably small. With the second method tissue 
uptake was expressed in arbitrary units of plasma 
clearance, without the use of assumptions concerning 
the mechanism of Rb*®® uptake or the exact relation of 
externally recorded radioactivity to the Rb*® content 
of tissue. It was expected that this calculation would 
be affected by differences in placement of the counter 
and by variations in the body size of subjects. This 
calculation did not permit comparison of uptake in 
one area with that in another. 

Turnover rate. In this study the rate of potassium 
turnover was defined as the fraction of the potassium 
in an organ which exchanged with the total body pool 
of plasma potassium in 1 min. This was not the same 
as the fraction of the potassium within the organ 
which passed across the cell membrane or the capillary 
wall, because the amount of plasma flow was limited 
and mixing in all areas was incomplete. In these 
calculations the cellular potassium of each area was 
treated as a homogeneous mass which exchanged with 
the plasma potassium at a single rate which was 
constant during the period of Rb*®® infusion. It was 
also assumed that equal distribution of the tracer 
between plasma and the areas monitored had occurred 


24 hr after the Rb** had been injected, and that Rb®® 
traced potassium. Data regarding the validity of 
these assumptions have been presented elsewhere.'!:2) 
They probably represent only crude approximations 
of the actual situation. In the case of the pre- 
cordium and upper part of the chest, the compart- 
ments which exchanged rapidly and reached equi- 
librium during the first 4 min of infusion of Rb®* were 
omitted in the calculations because the rise in radio- 
activity for these regions was obtained from the 
increase in counts during the period from the fourth 
to the eighteenth minute. The backflow of tracer 
from the cells in most areas was probably relatively 
small compared to uptake during the 35 min of Rb%® 
infusion, and the Rb®® in extracellular fluid probably 
comprised a small part of the total Rb*® in the areas 
studied, except for the thigh. If this were true, then 
the rates of exchange calculated with the assumption 
of homogeneity are essentially correct, even though 
several fundamentaliy different compartments of 
potassium and rubidium were actually present in the 
areas. 

Estimation of potassium turnover rate was made 
from the equation: 


(1) 


where: 

C, Is the increase in externally measured radio- 
activity over the area during the period of Rb*® 
infusion divided by the Rb8*/K ratio during this 
period; 

C, Is the externally measured radioactivity of the 
area 24 hr after completion of the Rb*® infusion 
divided by the Rb8*/K ratio of plasma collected 
from the median basilic vein at the same time; 

k Is the fraction of the potassium in the tissues of the 
region which effectively exchanged with the 
potassium of the plasma per minute; and 

t Is the time required for the radioactivity to 
increase by the amount used in the calculation of 


The rates of uptake for the tissues under the pre- 
cordium and presternal regions were measured from 
the fourth to eighteenth minutes of the infusion of the 
tracer. For the area over the liver and the thigh the 
period of uptake was considered to be equal to the 
duration of infusion of Rb*®, although measurements 
were not made until several minutes after the infusion 
had been discontinued. 

The calculated regional rates of turnover of 
potassium are shown in Fig. 5a. These rates are of the 
same general order as those obtained in dogs.” The 
differences in values for the groups of subjects with 
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and without heart disease are evident. No relation- 
ship of potassium turnover to plasma potassium con- 
centration, hematocrit, age of the subject, pulse rate 
or body weight could be demonstrated. 

Tissue clearance of plasma Rb®*. The rates of 
clearance of plasma of Rb*® by the tissues were 
estimated by dividing the total radioactivity accumu- 
lated in the tissues by the plasma Rb®® concentration 
(Fig. 6a). This clearance could not be expressed in 
satisfactory physiologic terms because the relation of 
the concentration of Rb*® in the tissues to that 
recorded externally was not known. The differences 
in rates of clearance among the groups of subjects 
conformed to the differences in rates of turnover. 
Body weight and anterior-posterior diameter of the 
chest were not major causes of variation among the 
subjects. 

Relation of the rate of Rb** uptake in individual regions of 
the body to the overall rate of uptake. In general the rates 
of uptake of Rb*® in the different regions varied in the 
same direction and to approximately the same extent 
as the rate of clearance of plasma of Rb** by the body 
as a whole, i.e., the overall rate of uptake of Rb*¢ 
(Fig. 7a). The decrease in overall rate of uptake in 
subjects with angina pectoris and other forms of heart 
disease was not accompanied by a proportional 
decrease in the rate of uptake of Rb*® in the thigh 
(p = 0-04). This was true to a lesser extent for the 
presternal area (p = 0-15) (Fig. 7a). The physio- 
logical significance of this finding is uncertain since 
equal reductions in the rates of plasma flow to different 
regions would be expected to have unequal effects on 
the local rate of Rb*® uptake, if the kinetics of the 
effective exchange of Rb*®® differed. In addition, it is 
probable that estimates of potassium turnover were in 
error because the Rb*® in the plasma and extra- 
cellular fluid represented a significant portion of the 
total Rb*® in the thigh after the initial 35 min of Rb*6 
infusion, particularly in the subjects with low rates 
of uptake. The rate of Rb®® uptake was not lower in 
the precordial area than in other areas of patients 
with heart disease. 

Estimates of the rate of Rb®° uptake by the heart. An 
estimate of the Rb®® concentration in the myocardium 
was obtained by assuming that the portion of the 
total precordial radioactivity which did not arise from 
the myocardium was equal to the total radioactivity 
over the pre-sternal area superior to the heart. Radio- 
activity over the upper sternum in subjects without 
heart disease averaged 43 per cent of that over the 


heart, at the end of 18 min of Rb®® infusion. From 
dissection studies of tissues of dogs it was estimated that 
approximately one third of the precordial radio- 
activity after 30 min of infusion of Rb®® arose from 
tissues other than the heart.) In the studies in man 
the crystal of the counter was shielded with 12:5 cm 
of lead to reduce interference from the liver. Failure 
to consider the filtering action of the hearton radiation 
and the probable contribution of the abdominal 
organs to the radioactivity recorded over the pre- 
cordium produced additional error. ‘Twenty-four 
hours after completion of the infusion of Rb®® the 
radioactivity over the sternum superior to the heart 
averaged 78 per cent of that over the precordium, in 
patients without heart disease, Despite the uncertain- 
ties in determining myocardial radioactivity it was 
considered worthwhile to make estimations of the 
rates of uptake of Rb®® by the myocardium, at least 
for the purpose of comparing the different groups of 
subjects. 

Calculated rates of turnover of myocardial 
potassium and clearance of Rb*® are shown in Figs. 
5b and 6b. The rates of coronary blood flow required 
to supply the amount of Rb*® estimated to have been 
taken up by the myocardium were calculated 
assuming that the potassium concentration of the 
myocardium was 80 mequiv/kg and that two-thirds 
of the Rb®® in the plasma left the blood stream 
during passage through the myocardium”) (Fig. 8). 
These estimated rates of uptake of Rb®® by the myo- 
cardium were not found to be closely related to the 
pulse rate or to the overall rate of uptake of Rb®®. 
The radioactivity estimated to be derived from the 
myocardium 24 hr after completion of the infusion of 
Rb** was not consistently related to the transverse dia- 
meter of the heart determined roentgenographically. 

Effects of nitroglycerin. Nitroglycerin did not alter 
the rate of rise of radioactivity over the precordium or 
upper sternum during the first 15 min following its 
sublingual administration. Similarly, there was no 
difference in the total Rb®® uptake in the tissues of the 
hepatic area or thigh between those patients who 
received nitroglycerin and those who did not. 

The rate of urinary excretion of Rb§®. From 0-2 to 1-1 
per cent of the Rb®® injected was excreted per hour 
during the first hour after the start of the infusion of 
Rb**, The rate of excretion of Rb** in the urine was 
unrelated to the presence or absence of cardiac 
disease or to the overall rate of uptake of 
Rb**, 


DISCUSSION 


The methods used in the quantitative 
analysis of the data are not sufficiently 
accurate to permit any emphasis on the 


absolute values obtained. Rubidium®® has 
been treated as if it were a tracer of potassium 
in man, although no relationship of the rates 
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Fic. 5. Estimates of the rates of turnover of potassium obtained by 
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of turnover to the concentration of potassium 
in the plasma could be demonstrated in these 
subjects. It would have been difficult to 
detect such a correlation because of the 
narrow range of plasma potassium concentra- 
tion present. In dogs the apparent turnoverof 
potassium in the myocardium is related to the 
concentration of potassium in the plasma.‘ 
The areas under the counter undoubtedly 
were not homogeneous in their uptake of 
Rb§’*%. The error due to inhomogeneity was 
probably reduced by estimating the rate of 
increase of radioactivity in these areas 
during the period after the early rapid rise 
and by making observations over a relatively 
short period to minimize backflow of the 
tracer. Because the manner of measuring 
myocardial radioactivity was very crude in 
these subjects, no emphasis is placed on the 
fact that estimates of the rate of coronary 
blood flow obtained in these studies are 
within the range obtained by the 
nitrous oxide method by other investi- 
gators.) 

Regardless of these reservations, the varia- 
tions among the groups of subjects presu- 
mably reflect physiologic differences. Thedata 
revealed a reduced rate of uptake of Rb%® 
by the body as a whole and by the four 
specific areas in patients with angina pectoris. 
This reduced rate of uptake was probably 
caused by a decreased rate of plasma flow or 
a redistribution of flow to areas which 
normally extract little of the tracer, and not 
by a decrease in extraction of Rb%® by the 
tissue. The hematocrit and body weight of 
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the subjects with angina pectoris were 
significantly higher than the controls. These 
factors were not believed responsible for the 
differences in the rate of uptake of Rb*®*, 
since the rate of uptake was not related to 
hematocrit or body weight within the control 
group. Furthermore, the differences in the 
rates of Rb®® uptake were large compared to 
the differences in weight and hematocrit. 
STARR and Jonas and STARR and Woop'‘®? 
have found the amplitude of the ballisto- 
cardiogram to be frequently reduced in 
ambulatory patients with chronic angina 
pectoris. Studies of patients with acute 
myocardial infarction using the Stewart 
principle of dye dilution have shown a 
reduction of cardiac output proportional to 
the severity of the infarct, as well as a 
frequent failure of the resting cardiac output 
in such subjects to return to normal after 
convalescence.‘7-!® Slow rates of plasma 
flow probably increase the opportunity for 
exchange and decrease the ratio of Rb*® 
brought to the tissue to the exchange rate 
across the cell membrane. Since both of 
these changes would increase the degree of 
extraction of Rb®®, it is likely that the actual 
reduction in flow would be greater than the 
decrease in the rate of uptake of Rb*®. The 
importance of anxiety in the subject has been 
emphasized as a determining factor in 
studies of cardiac output.“!) There were 
were no known differences between the 
groups of subjects in this regard, although 
the reaction of the patient to the procedure 
was not readily judged. 


SUMMARY 


(1) The rates of exchange of the potassium 
in the tissue of several areas with the 
potassium of the plasma were estimated in 
intact human subjects by measuring the rise 
in regional radioactivity with an external 
collimated counter during an intravenous 
infusion of 

(2) In 16 subjects without heart disease the 
percent of the regional potassium in the 
tissues of selected regions of the body which 
exchanged with the plasma per minute was: 
precordium 0-57 + 0-14, pre-sternal area 


0:29 + 0-07, liver 0-36 + 0-16, and thigh 
0-10 + 0-03. 

(3) Potassium exchange of the myocardium 
was estimated to be 1-9 + 1-0 per cent/min. 

(4) There were significant differences in the 
concentration of Rb8* in the arterial plasma 
of subjects with and without heart disease. 
In 7 subjects with angina pectoris, plasma 
concentrations of Rb** averaged 57 per cent 
higher than in the control subjects. 

(5) High plasma concentrations of Rb*® 
were believed to be caused by low cardiac 
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output. From 20 to 45 per cent less plasma 
was cleared of Rb®® during the infusion of 
this isotope by the tissues of subjects with 
angina pectoris than by the tissues of the 
subjects without heart disease. 

(6) It was possible to estimate the rate of 
coronary blood flow from the myocardial 
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potassium exchange rate. In subjects without 
heart disease the value was 90 + 45 ml/100g 
myocardium/min, and in subjects with 
angina pectoris the estimated rate of coronary 
blood flow was 43 + 15ml/100g myo- 
cardium/min. 
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p-lodobenzoyl Groups as a Paired Label for 
in vivo Protein Distribution Studies: Specific 
Localization of Anti-tissue Antibodies* 
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Measurements of the specific in vivo localizing properties of radiolabeled anti-tissue anti- 
bodies are always complicated by the nonspecific pickup of proteins by tissues. Because of the 
affinity of tumors for foreign proteins, the determination of the specific localization of anti- 
tumor antibodies is particularly difficult. We have developed the paired label technique for 
the direct measurement of the quantity of antibody and control protein localized in each 
tissue sample. The experimental subject serves as its own control. The globulin fraction of the 
antiserum is labeled with one radioisotope and the globulin fraction of normal serum is 
labeled with another isotope and the preparations are injected simultaneously. The distri- 
bution of both proteins is then determined by differential analysis of the two isotopes. In order 
to avoid the possibility that chemical differences in the labeled proteins will lead to alterations 
in the nonspecific distribution of one or the other protein, we have restricted ourselves to the 
use of label pairs which differ only isotopically. A previous report dealt with the direct 
iodination of proteins using I}*! and [)%3 as a paired label. The work reported here describes 
the use of p-iodobenzoyl groups containing [/*4 and C™ for paired labeling in experiments of 
long duration where the short half-life of I183 precludes the use of the iodine paired label. 


LES GROUPES -IODOBENZOYLES COMME INDICATEURS JUMELES POUR 
LA LOCATION SPECIFIQUE DES ANTI-CORPS ANTI-TISSU DANS LES ETUDES 
DE LA DISTRIBUTION DES PROTEINES JN VIVO 


La mesure des propriétes spécifiques de location in vivo des anti-corps anti-tissu est toujours 
rendue compliquée par l’absorption non-spécifique des protéines par les tissus. A cause de 
l’affinité des tumeurs pour les protéines étrangéres l’observation de la location spécifique des 
anti-corps anti-tumeur est surtout difficile. Nous avons développé la technique des indicateurs 
jumelés pour la mesure directe de la quantité d’anti-corps et de contréle protéinique localisé 
en chaque échantillon de tissu. Le sujet expérimental sert comme son propre contréle. La 
fraction globulineuse de l’anti-sérum est marquée avec un radioisotope et celle du sérum 
normal avec un autre, et on fait une injection simultanée. La distribution des deux protéines 
est observée par le dosage différentiel des deux isotopes. Afin d’éviter la possibilité que les 
différences chimiques des protéines marquées ménent a des changements de la distribution non- 
spécifique de l’un ou de l’autre des protéines, nous nous sommes limités a l’usage de marques 
jumelles dont la différence est uniquement isotopique. Une communication précédente a 
donné compte de l’iodation directe des protéines utilisant la marque jumelle [!3!—[!88__ L’ouv- 
rage ici rapporté décrit l’emploi des groupes p-iodobenzoyles contenant 1’I3! et le C4 comme 
marque jumelle dans des expériences de longue durée ou la courte période de 1’! défend 
l’emploi de la marque jumelle de l’iode. 


* This research was supported in part by the Atomic Energy Commission, Contract AT(30-1)-1771. 
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IIPMMEHEHHE MAPHOM METRU 
USY4YEHUM USBUPATEJIBHOrO HAROIWIEHUA AHTUTRAHEBBIX 
AHTUTEJ MO BEJIROB IN VIVO 
HaKOMIeHHA MeYeHBIX AHTHTKAHEBLIX AHTHTe1 vivo 
Tak Kak CpOACTBOM K OCOOeHHO THY AHOCTH 
opraHu3M cam cede KOHTpOseM. B kKpoBb Tpenapar, 
CbIBOPOTKH, MeYeHYO ApyruM W30TONOM. BareM pact- 
BAIMAHMe OCOOeHHOCTeM MeTKH Oe1KOB Ha 
duyeckoe MbI NapHbIX MeTOK TAKMMI, 
Mery coool TOTbKO Macce M30TONHBIX aTroMoB. B_ 
MpAMOe GerKOB C [131 1133 B 
napHoit Merku. B nacronmeit padore onucano 
cogepaammx 1131 Cl4 KavecTBe NapHOit MeTKM WAAWIMXCA 

Korga 1133 He Momer ObITh HCNO.1b30BaH 3a Ma1OrO NepHoya 


p-JODOBENZOL-GRUPPEN ALS DOPPELINDIKATOREN FUR IN VIVO- 
UNTERSUCHUNGEN DER PROTEINVERTEILUNG: SPEZIFISCHE 
LOKALISIERUNG DER ANTI-GEWEBE-ANTIKORPER 


Messungen der spezifischen Lokalisierungseingenschaften in vivo der radioaktiv markierten 
Anti-Gewebe-Antik6érper sind immer erschwert durch die nicht spezifische Proteinaufnahme 
der Gewebe. Wegen der Affinitat der Tumore fiir Fremdeiweiss ist die Bestimmung der 
spezifischen Verteilung der Anti- Tumor-Antikérper ganz besonders schwierig. Eine Doppelin- 
dikator-Technik zur direkten Messung der Menge des Antikérpers und zur Kontrolle der 
Eiweissverteilung in jeder Gewebsprobe wurde von uns entwickelt. Das Versuchsobjekt dient 
hier zur eigenen Kontrolle. Dabei wird ein Radioisotop zur Markierung der Globulinfraktion 
des Antiserums, das zweite Isotop zur Markierung der Globulinfraktion des normalen Serums 
verwendet, worauf beide Praparate gleichzeitig injiziert werden. Hierauf wird die Verteilung 
der beiden Proteine durch Differenzialanalyse der beiden Radioisotope bestimmt. Um zu vermei- 
den, dass verschiedener chemischer Charakter der markierten Proteine eine Veranderung der 
spezifischen Verteilung des einen oder des anderen ber beiden herbeifiihrt, beschrankten wir 
uns bisher auf die Verwendung zweier verschiedener Radioisotope des selben Elementes. Ein 
friiherer Bericht beschrieb die Jodierung von Eiweiss unter Verwendung von }!J und }33J als 
Doppelindikator. In der vorliegenden Arbeit wird die Verwendung von }*!J-und 
M4C-enthaltenden p-Jodobenzol-Gruppen fiir Experimente beschrieben, deren langere zeitliche 
Dauer die doppelte Jod-Markierung wegen der Kurzlebigkeit von 1°3J unméglich macht. 


INTRODUCTION 


ParrepD labeling has been shown to be an_ above the background localization from the 
extremely useful technique in protein distri- normal serum is a direct and controlled 
bution studies. It has been applied to the measure of the amount of antibody localized. 


localizing properties of anti-tissue and anti- 
tumor antibodies." In paired labeling, each 
experimental animal serves as its own 
control. The globulin fraction of an anti- 
tissue serum is labeled with one radioisotope 
and the globulin fraction of a control serum 
labeled with another. The two labeled 
preparations are mixed and injected simul- 
taneously into the assay animal. Locali- 
zation of antibody in a particular tissue 


It is essential, however, to avoid nonspecific 
differences’) in protein distribution induced 
by chemical differences in the label or treat- 
ment during the labeling procedure. We 
have, therefore, restricted our paired labels to 
chemically identical materials differing only 
isotopically. On this basis, and 
introduced by direct iodination have already 
been used as a paired label.) 

Because of the relatively short half-life of 


Specific localization of anti-tissue antibodies 


I'3 (22 hr), the usefulness of this pair is 
limited to short term experiments. We have, 
therefore, developed the p-iodobenzoyl group 
(pIB) as a second paired label for use in 
experiments of longer duration. p-Iodo- 
benzoyl chloride prepared from p-iodo- 
benzoic acid, labeled with either (p-I"*"B) 
or C™ (pIB-Cl) has been used for this 
purpose. 

This compound offers several advantages 
for paired label experiments. 

(1) Each of the members of the pair can be 
synthesized in appropriate amounts and with 
good yield. 

0-15 


(2) (half-life = 5500 years, 


and (half-life = 8-0 days, 0-63 
MeV* and 0-36 MeVy) have adequately 
long half-lives and convenient radiation for 
measurement in mixed samples or after 
simple chemical separation. 

(3) Stable coupling can be readily accom- 


219 


plished by the reaction of the benzoyl 
chloride with free amino groups on the protein. 
Since fIB is a label which had not been 
previously used in protein distribution experi- 
ments, it was necessary to establish its 
suitability as a simple label as well as its 
applicability to paired labeling. Therefore, 
experiments were carried out to determine 
whether the pIB was firmly coupled to the 
protein and the extent of loss of antibody 
activity due to labeling. Jn vivo and in vitro 
tests indicated that the tag remains bound to 
the protein and that when small amounts of 
tag were used (up to 2 groups per protein 
molecule) antibody activity was not affected. 
The usefulness of a compound for paired 
labeling experiments depends on the demon- 
stration that the procedure of labeling the 
antibody produces proteins with reproducible 
in vivo and in vitro behavior. The paired label 
described here meets these criteria. 


EXPERIMENTAL 


Synthesis of p-iodobenzoic acid-7 CM 


The synthesis of C!4-labeled pIB was carried out by 
the following series of reactions: 


nC,HyBr + nC,yHyLi + Li Br 


+ nC,H, Li> + nC,H,l 
+ HCl— 


Butyl lithium was prepared by the reaction of 
n-butyl bromide with metallic lithium." The halogen 
interconversion with p-di-iodobenzene was carried 
out in anhydrous ether in a dry ice bath using a 
tenfold excess of di-iodobenzene to minimize the 
formation of dilithium benzene. The _ reaction 
mixture was permitted to stand 15 min and then trans- 
ferred to a vacuum line and degassed by cycles of 
freezing in liquid nitrogen, pumping, thawing, 
refreezing, etc. Then 1 mmole CO, (previously 
liberated in vacuo from barium carbonate with 
concentrated sulfuric acid and dried by passing over 
phosphorus pentoxide) was admitted to the reaction 
flask. A fivefold excess of the lithium reagent was 
used. The reaction was carried out in a dry ice bath 
with stirring and was complete in a few moments. 


The reaction mixture was removed from the vacuum 
line, and acidified. The ether layer containing the 
pIB-C! was removed and extracted with 0-1 N 
NaOH and the pIB-C™ reprecipitated with 1 N HCl. 
This cycle was repeated three times. A yield of 
50-60 per cent was obtained. 

All experiments reported in this paper were carried 
out with pIB-C! prepared in this single run. The 
specific activity of the pIB-C! was 10 mc/mmole. 


Synthesis of 


The synthesis of pI!*!B was carried out by exchange 
between pIB and [#1 ions. This reaction had not been 
previously reported but many similar compounds 
were known to undergo exchange at elevated tem- 
peratures.“) A preliminary investigation established 
the optimum exchange conditions at 250—260°C 
and pH 3-6. Based on these results, the following 
procedure was evolved as the most satisfactory. 
Dry purified pIB (0-2—10 mg) is weighed into a glass 
ampule of volume about | ml and tapped down past 
the constriction. 0-5 ml of carrier-free solution, * 
neutralized with 0-1 N HCl until just acid to methyl! 
red (pH 4-5), is pipetted into the ampule and the 
ampule is sealed off. It is then placed in a steel 
pressure bomb half-filled with water (22 ml; Parr 
bomb AC 3E with lead gasket was used here). The 
bomb is sealed and heated at 250°-260°C for 10-20 


* Obtained from Oak Ridge National Laboratory (Catalog No. I-131-P). 
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Taste 1. Purity of p-iodobenzoic acid preparations 


counts/min/mg | counts/min/mg 


Original preparation 5660 847 
Ist recrystallization 5610 833 
2nd recrystallization 5630 840 
3rd recrystallization 5630 
Anilide 4290 (5600) * 613 (789) 
p-NO, benzoate 3650 (5630) 552 (852) 


* Values in parentheses corrected for molecular weight 
of derivatives. 


hr. The water surrounding the reaction bulb 
equalizes the pressure inside the ampule. Following 
the reaction, the ampule is cooled, broken open, 
emptied and washed out with 0-5 ml of 0-1 N NaOH. 
The solution is acidified with 1 N HCl. The pre- 
cipitated pI!B is centrifuged down, redissolved in 
0-5 ml of 0-1 N NaOH and the precipitation with HCl 
repeated. The yield is 25-90 per cent (based on I) 
exchanged). Highest yields were obtained with 
5-10 mg of pIB and 20 hr reaction time. 

The short half-life of I?*! makes it necessary to do 
frequent syntheses of small amounts of material in 
order to have a supply of high specific activity 


Proof of purity of pY*1B and pIB-Cl4 

The purity of the tagged pIB was established in the 
following manner. To a small amount of each of the 
labeled preparations, 2 g of carefully purified carrier 
pIB (m.p. 270°, equiv. wt. 248) were added. The 
mixture was recrystallized two or three times and 
samples taken at each step. In addition, two deri- 
vatives, the NO, benzyl ester and the anilide were 
prepared from the criginal mixture. The specific 
activities of these samples were determined (Table 1). 
There was no change in specific activity in any of 
these preparations beyond the limits of the counting 
errors (+ 5 percent for + per cent for 
indicating that both of the original preparations were 
essentially radiochemically pure. 


Preparation of the acid chloride 

The radiolabeled IB was converted to the acid 
chloride by treatment with thiony] chloride aeeording 
to the following procedure: The fIB is dried over 
P,O, for lhr at reduced pressure at the boiling point 
of acetone and then dissolved in 0-1 cm* of anhydrous 
ether. Thionyl chloride (0:05 ml) is added and 
the mixture heated in a bath at 60° for 10 min. The 
ether boils away during this time. The temperature 


is then raised to 80-90° and the excess thionyl 
chloride driven off. Care must be taken to prevent 
water vapor from entering the tube. When the tube 
appears dry, it is removed from the bath and cooled 
to room temperature. Last traces of thionyl chloride 
are removed by evacuation at room temperature for 
5 min. Cooling the tube to room temperature must 
precede pumping down or the p-iodobenzoy1 chloride 
will be lost by evaporation. This procedure is satis- 
factory for conversion of 0-2 to 20 mg quantities of pIB 
to the acid chloride. The yield is essentially quanti- 
tative. This was shown by adding excess aniline to 
the reaction product to form the anilide. Then the 
distribution of radioactivity between ether and 
aqueous sodium hydroxide showed that no free acid 
remained. 

For experiments in which high specific activity was 
not required, larger quantities of the acid chloride 
were prepared by treating the dry pI'!B directly 
with thionyl chloride. The excess thionyl chloride was 
removed by heating to 100°C in vacue. The loss of 
p-iodobenzoyl chloride by this treatment was not 
appreciable when 200 mg or more of pIB were used. 


Coupling to proteins 

For coupling, the /IB chloride was dissolved in 
ether or dioxane and added to the buffered protein 
solution. For most of the experiments, ether was 
used as the solvent. A typical coupling will be 
described. Forty mg of rabbit gamma globulin was 
dissolved in 5 ml of | per cent sodium bicarbonate 
solution (pH 8) and cooled in an ice bath. p-Iodo- 
benzoy] chloride prepared from 0-25 mg of tagged pIB 
was dissolved in 1 ml of anhydrous ether and the 
solution added dropwise through a 26 gage needle 
with stirring to the cooled protein solution over the 
period of one-half hour. The pH remained essentially 
constant. Sufficient ether evaporated during the 
course of the stirring to leave a one-phase system. 
The solution was then dialyzed against borate buffer 
containing PIB carrier to remove uncoupled tagged 
pIB. The coupling yield was about 50 per cent. The 
yield for the coupling reaction varies from 25 to 75 per 
cent or higher, depending on the concentration of 
the reactants, more concentrated solutions giving 
higher yields. 

In the experiments determining the effect of extent 
of coupling on the precipitin reaction, varying 
amounts of the acid chloride were dissolved in 0-5 ml 
dioxane and added to 200 mg of the globulin fraction 
of rabbit anti-ovalbumin serum (G anti-Ov) dissolved 
in 20 ml of pH 8 borate buffer and | ml of 3 per cent 
NaHCOg. The protein solution was cooled to 0°C 
and the acid chloride solution was added dropwise 
over a 30min period. The material was then 
dialyzed against borate buffer and centrifuged. The 
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Fic. 1. Apparatus for wet combustion of tissue samples. 


average number of groups coupled per protein 
molecule was determined by radioactivity along with 
total nitrogen determinations by Kjeldahl. Analysis 
with Folin reagent) indicated that no phenol groups 
were involved. Comparison of Sryxe‘®) 
analyses for the disappearance of amino groups and 
the radioactivity measurements indicated the same 
number of groups bound, within an error of 3 to 5 
per cent. The coupling efficiency was about 50 per 
cent. 


Counting techniques 
All counting in experiments carried out with only 


the 1!31 label was done in a well-type Nal crystal 
scintillation counter. 

Two techniques were used for the measurement of 
C4 and [}#! in paired label experiments. In the early 
experiments, [151 was counted in a well-type scintil- 
lation counter and then the same sample was pre- 
pared for C! counting by wet combustion in the 
apparatus shown in Fig. 1. To a 1 g tissue sample, 
50 of VAN and chromic acid— 
sulfuric acid—phosphoric acid mixture and about 
0-1 g of KIO, were added. The flow of nitrogen was 
adjusted to about 1 cm*/sec and heating begun. 
Evolved CO, was trapped in 0-1 N NaOH (CO,free). 
Heating was continued until 5 min after the evolution 
of CO, ceased. No I! is carried over by this pro- 
cedure. The amount of CO, evolved was determined 
in a VAN SLYKE manometric apparatus. Standards 
were prepared by burning aliquots of the injected 
material with sucrose to provide carrier CO,. Twenty- 
five ml of a reagent, 1 N in BaCl, and | N in NH,Cl, 
was added to sufficient of the sample solution to 
produce ‘“‘infinitely thick”? samples of BaCO,. The 
precipitates were centrifuged down onto | 1/8 in. x 
1/8 in.aluminum planchettes. About | mg of colloidal 
graphite (Aquadag*) was added to each suspension 


* Product of Acheson Colloid Co., Port Huron, Mich. 
+ Technical Measurement Corp., New Haven, Conn. 
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before centrifuging. After air drying overnight, the 
samples were counted in a Tracerlab automatic 
windowless flow gas counter. All samples were 
prepared in triplicate and 3 to 5 repeat counts were 
made on each planchette. The count rate from some 
of these samples was of the order of only 20 per cent 
above background but by repeated counting of 
triplicate samples, it was possible to attain a repro- 
ducibility of the order of +10 per cent on even the 
least active samples and -+-5 per cent or better on the 
more active ones. In all radioisotope determinations, 
counts were compared to counts of a portion of the 
injected solution prepared in the same manner as the 
samples and counted at the same time. Therefore, it 
was not necessary to apply corrections for self- 
absorption or counter efficiency changes. 

Because of the difficulty of sample preparation and 
the low efficiency of C!* counting in solid samples, 
another counting technique was developed. The 
tissue was digested in sodium hydroxide, acidified, 
and the liberated IB extracted with ether. The Cl4 
and [151 in the extract were counted simultaneously 
in a two-channel liquid phosphor scintillation counter. 
The details of this procedure follow. Tissue samples 
are first heated in a water bath with 2 times their 
volume of 4 N NaOH until the samples are disinte- 
grated, followed by autoclaving at 15 lb pressure for 
1/2 hr to insure complete hydrolysis of the pIB ester 
bonds. Five mg of carrier pIBis added to each sample. 
The samples are then cooled in an ice bath and acidi- 
fied with concentrated HCl. After cooling again 
they are extracted with two portions of cold ether 
(for 1 or 2 g tissue samples, a total of 5 cm? of ether 
used). The samples are then added to the liquid 
phosphor which consisted of a solution of 4 g/l. of 
PPO (2,5-diphenyloxazole) and 0-04 g/I. of POPOP 
(1,4-di-(2-(5-phenyloxazole))-benzene) toluene. 
The final total volume of sample plus phosphor is 
15cm*. The counter used was a TMC? LP-2A 
modified to facilitate the counting of Cl! and ['%! 
simultaneously.'8) Because of the quenching of light 
output of the sample by colored materials extracted 
from the tissues, it was necessary to add internal 
standards to each sample counted. This was done in 
either of two ways. When the counting rate of the 
sample was moderately high, it was divided into three 
portions. To one portion, a measured amount of Cl4 
was added, to another, I)#! as internal standards. 
Then all three samples were dissolved in liquid 
phosphor and counted under identical conditions. 
Samples contaning low activities were not divided 
but dissolved directly in liquid phosphor and counted. 
Then C!* internal standard was added and the samples 


= 
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recounted and finally, [)*! internal standard was 
added and the samples were counted again. Because 
of the effect of quenching by dissolved oxygen, all 
samples counted in this manner must be flushed_with 
nitrogen before counting. The repeated exposure of 
the samples to air for the purpose of introducing 
internal standards was found to change the oxygen 
content, making it necessary to flush with nitrogen 
in the case of the low activity samples. This flushing 
was not necessary in the case of the samples 


prepared in three portions because the amount of 
dissolved oxygen was comparable in all samples and 
no further manipulation was necessary. 

The amount of radioactivity in each sample was 
then calculated from simultaneous equations based 
on the counts of the samples and the internal stan- 
dards and the comparison of these with portions of the 
injected material prepared and counted in a similar 
manner. The overall reproducibility of this technique 
was about +5 per cent. 


RESULTS AND DISCUSSION 


Stability of pIB label 

It is essential to demonstrate both in vivo 
and in vitro that a label, once coupled to the 
protein, is not split off. In the case of pIB- 
labeled proteins, tests by equilibrium dialysis 
against a small volume of 1°% IB solution 
showed that after the removal of the un- 
coupled pIB during the first few hours of 
dialysis no further free pIB could be demon- 
strated in experiments lasting up to 4 days. 
This shows that there is no simple hydrolysis 
in vitro. The absence of any enzyme in rat 
plasma which might be capable of hydrolyz- 
ing the plB-protein ester linkage was also 
established in vitro. Incubation of tagged 
globulin in fresh rat plasma at 37° for 40 min 
caused no splitting off of tag that could be 
detected by equilibrium dialysis carried out 
in the presence of 1% carrier pIB (for the 
prevention of errors due to binding by the 
rat serum proteins). 

The im vivo stability of the tag has been 
studied by measuring the rate of disap- 
pearance of radioactivity from blood and 
tissues of rats following the injection of pI!*!B- 
labeled globulin fractions of anti-rat kidney 
rabbit serum (G-anti-RK) and of normal 
rabbitserum (G-NS). Fifteen rats were each in- 
jected intravenously with | mg oftagged rabbit 
anti-rat kidney globulin and 15 with 1 mg of 
tagged normal rat globulin. Three rats from 
each group were killed on the first, third, sixth, 
tenth and nineteenth days following injection. 
The animals were perfused and the blood, 
liver and kidneys assayed for radioactivity. 
After an initial rapid drop during the first 
day, due presumably to partially denatured 
protein being cleared rapidly, the radio- 
activity disappeared at a steady rate. The 


TaBLe 2. Rate of disappearance of pI'*!B-labeled G-anti- 
RK* and G-NSf from blood and tissue of rats 


| Disappearance half-time (days) 


G-anti-RK G-NS 


Liver 
Kidney | 
Blood | 


* Globulin fraction of rabbit anti-rat kidney serum. 
+ Globulin fraction of normal rabbit serum. 


values for the half-times of disappearance are 
given in Table 2. The disappearance rates 
from blood in both groups and from tissues 
in the normal serum group are consistent 
with the half-lives obtained by other tech- 
niques." Jn the case of the kidneys of the 
rats receiving anti-rat kidney serum, the 
half-time for disappearance, of the radio- 
activity carrier from the kidney is 24 days. 
This is comparable to the data obtained with 
iodinated proteins” showing long half- 
times for localized antibodies. The liver 
half-time of 8-5 days in this group also 
indicates a longer retention of cross-localized 
antibody than of normal serum components. 
Since the rates of disappearance of radio- 
activity found in this experiment matched 
literature values obtained with other more 
established techniques, it seems reasonable 
to assume that the pIB is not being removed 
from the protein in vivo. 


The effect of p-iodobenzoylation on localizing 
activity 

The above experiment shows that p-iodo- 
benzoylation does not effect in vivo localizing 
activity. For example, the data for the 


| 8-5 5-2 
24-0 | 5-0 
6:8 | 5:6 VOI 
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Tase 3. Localization of G-anti-RK and 
G-NS in rats 


Localization (°% dose) * 


G-anti-RK 


* Localization given as percentage of the injected dose 
found in the whole perfused organ 3 days after injection. 

+ Blood value used was based on an estimated blood 
volume of 10 per cent of the body weight. 


animals killed 3 days after injection (Table 3) 
are typical of localization data obtained with 
anti-tissue sera using iodinated proteins.) 


The effect of p-iodobenzoylation on precipitin 
activity of anti-ovalbumin antibody 

Globulin fraction of rabbit anti-oval- 
bumin antiserum was treated with [1 


p-iodobenzoyl chloride in order to determine 
the effect of increasing amounts of this label 
on the ability to precipitate with ovalbumin. 

Precipitin reactions were set up in 
duplicate. Increasing amounts of ovalbumin 
in | ml of buffer were added to | ml portions 
of the antibody preparations. The antibody 
preparations were diluted to approximately 
the same concentrations, 7 mg of protein 
per ml. Untreated control antibody and an 
antibody preparation exposed to dioxane in 
the same manner as the coupled preparations 
were similarly assayed for precipitin activity. 
The mixtures were kept at 37° for | hr and 
then at 4°C for 5 days. The precipitates were 
washed 3 times with 3 ml of cold 0-9% 
saline. The amounts of radioactivity and 
antibody in all precipitates were determined. 
The amount of antibody in the precipitate 
was determined by correcting the total 
protein value as determined by Folin 
reagent for the contribution of ovalbumin in 
the precipitate.“®) Table 4 gives a summary 


Table 4. Effect of pI'*!B-coupling on the ovalbumin—anti-ovalbumin precipitin reaction 


Avg. pIB Globulin used 
groups mol. (mg/tube) 


Ovalbumin added (jg) 


Untreated 


Blank* 


1-3 


6-2 


7:8 


8-9 


Globulin precipitated 
A = % of protein originally added 
= % of radioactivity originally added 


16-7 21-0 22-3 11-8 
16-9 , 20-6 21-7 
20-9 
18-7 


16-6 


18-8 


* Mock acylation treatment without pIB added. 


Liver 1-80 
Kidney 0-78 | 0-10 
Spleen | 0-14 0-05 
Lung 0-26 0-12 
Heart | 0-05 0-05 
Blood+ | 18-2 14-1 
VOL. 
3 
1958 
| | 
Pe 7-4 | 11-4 14-4 
| 
7-6 | 11-6 14-6 
| | | 
= 7-4 | | 14 | 14-4 
| 116 13-9 
| | 
= 7-1 | 13-0 16-3 21-7 15-3 8-6 
| | 100 | 10-7 135 19-9 141 8-5 
= 7-0 | 11-6 14-3 17-7 8 8 200 6-6 
| | 90 | 129 15-0 18-5 203 13-3 65 
| | | 
= 6-9 | 141 16-4 | 20:2 10-4 5:3 
| 86 11-0 17-4 10:3 51 
| | | 
= 68 | P 12:3 13-9 14-5 179 | 182 8-9 2-4 
9-1 11-6 13-0 17-2 18-7 8-5 2-2 
| | | | | 
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of the data. Jhe amount of antibody 
precipitated was essentially the same whether 
determined by radioactivity or Folin reaction. 
Some deviations were observed in the region 
of antibody excess with most highly coupled 
preparations where the determination by 
radioactivity measurement gave lower values. 
This may be due to preferential inactivation 
of antibodies having the highest number of 
coupled groups. 

Coupling an average of 1-3 groups per 
protein molecule did not affect precipitin 
activity since there was no_ significant 
difference between the curves obtained with 
uncoupled antibody and preparations with 
1-3 coupled group per antibody molecule. 
More extensive coupling caused progressively 
decreased precipitation in the region of 
antigen excess. The decrease at the optimum 
region was substantially less than that in 
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antigen excess. Even 8-9 groups reduced the 
amount of precipitable antibody at optimum 
by less than 20 per cent. Very little difference 
between the various preparations was 
observed in the amount of precipitate in the 
region of antibody excess. 


Paired labeling with p-iodobenzoyl groups 


If a protein preparation is separated into 
two portions and each is labeled with one 
member of the pair, the two tags will have 
identical distributions when injected into 
animals if the labeling procedure is repro- 
ducible. That the procedure is reproducible 
for the case of pIB has been demonstrated 
with three different rabbit anti-rat kidney 
preparations. The ratios between the frac- 
tion of the injected C™ and I!*! found in each 
of the samples measured are given in Table 5. 
One pair of preparations (Exp. A) was 


Taste 5. Comparative distribution of and pIB-C14-labeled G-anti-RK* 


Ratio of distribution| 


dose 


0/ 131 
% dose I 


Kidney | Liver Blood Spleen 
Experiment At 
Animal no. 1 0-99 0-92 1-02 
0-97 0-89 
2 1-02 0-96 1-05 
1-00 0-99 | 
3 0-99 1-04 0-95 
0-98 0-95 0-98 
4 0-98 0-99 0-93 
1-01 1-01 0-98 
5 1-06 1-06 1-02 
1-11 1-04 0-99 
Avg. 1014004 | 0-99 + 0-06 0-99 + 0-04 
Experiment Bt 0-98 + 0-08 | 1:05 + 0-13 1-00 + 0-08 0-87 + 0-05 
Experiment C** 
Paired Label 1-00 + 0-04 1-07 + 0-08 1-08 + 0-03 
Mixed Label 1-00 + 0-02 1-11 + 0-05 1-12 + 0:13 


* Animals were injected with pIB-C4 G-anti-RK and pI!*"B G-anti-RK (separate preparations for each experiment). 
Two samples of each tissue were assayed. 
+ Exp. A. 5 animals. Counting precision +5 per cent using liquid phosphor counter with adequate oxygen control. 
+ Exp. B. 2 animals. Counting precision + 10 per cent using liquid phosphor counter with inadequate oxygen control. 
** Exp. C. Paired label as above with 3 animals. Mixed label carried out with one preparation of G-anti-RK- 
labeled with a mixture of pIB-C* and pI™B. 3 animals. Counting precision +10 per cent using Geiger counter for 
C4 and crystal scintillation counter for I}%!, 
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tested in five animals with two samples of 
liver, kidney and blood taken from each 
animal. The average distribution of the 
two isotopes proved to be identical within 
1 per cent with a standard deviation of 
roughly 5 per cent. This 5 per cent variation 
probably reflects errors in radioisotope 
assay rather than true differences in distri- 
bution of the proteins. Also listed in Table 5 
are the summaries of two other experiments 
done with smaller numbers of animals and 
using somewhat less accurate assay tech- 
niques. Experiment B tested another pair of 
labeled G-anti-RK preparations and again 
the results indicated equal distribution. 
In Experiment C, in addition to the group 
receiving the paired labels described above, 
another group was injected with a single 
preparation of anti-rat kidney globulin 
tagged with a mixture of and pIB-C™. 
This control group served to separate errors 
of the radioisotope assay procedure from 
true differences in protein distribution due 
to the separate tagging procedures used in 


the paired label group. The data again 
demonstrate that within the limits of the 
counting errors, the proteins tagged separa- 
tely with pI''B and pIB-C™ had similar 
distributions. The mixed label values deviate 
from unity to about the same extent as the 
paired label, indicating some small sys- 
tematic counting error. Since many of the 
samples counted only 20 to 50 per cent 
above background, such an error was not 
unlikely. 

Based on the in vivo and in vitro data above, 
and on analogous experiments with iodinated 
proteins,“ the limit of 2 pIB groups per 
protein molecule has been taken as the 
maximum amount of tag which will produce 
little or no change in the antibody activity 
of rabbit globulin. With the specific activity 
of pIB-Cl used in these experiments (10 
mc/mmole) each mg of globulin carries 
3 x 10° dis/min of Cl radioactivity. With 
the counting techniques used, samples con- 
taining less than 1 wg of protein can be 
measured quite accurately. 


CONCLUSIONS 


Internal control in protein distribution 
experiments can be accomplished by paired 
labeling with p-iodobenzoyl chloride con- 
taining I! or C4, (1) The label is not 
readily split from the protein under ordinary 
in vivo and in vitro conditions. (2) Coupled 
antibodies retain their ability to precipitate 
antigen and to localize in target tissues. 


(3) The coupling procedure gives products 
that have reproducible in vivo localizing 
properties. (4) Extensive coupling decreases 
antibody activity. 
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Effect of Crystallinity on Radiation Effects 
in Polyethylene 
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The effect of degree of crystallinity on the irradiation induced crosslinking of polyethylene 
has been studied for types of polyethylene of low and high densities and various degrees of 
branching. Measurements of solubility indicate a lower gelling dose for low density, low 
crystallinity polyethylene while swelling and modulus determination give the same cross- 
linking density for four different types of polyethylene. It is concluded that the G value for 
crosslinking does not differ considerably in the amorphous or crystalline regions and the lower 
gel dose for the low density, highly branched polymer is due to its higher weight average 
molecular weight. 


EFFET DE LA CRYSTALLINITE SUR LES EFFECTS DE LA RADIATION DANS 
LA POLYETHYLENE 


On a étudié l’effet du degré de crystallinité sur la liaison transversale induite dans la poly- 
éthyléne par l’irradiation, pour des espéces de polyéthyléne de grandes et de petites densités et 
de différents degrés d’embranchement. La mesure de la solubilité indique une dose gélifiante 
inférieure pour la polyéthyléne a petite densité et a petite crystallinité, tandis que la mesure 
de |’élargissement et du module donne la méme densité de liaison transversale pour quatre 
différentes espéces de polyéthyléne. On déduit que la valeur G pour cette Jiaison ne varie pas 
beaucoup entre les régions amorphes et les régions crystallines et que la dose gélifiante inférieure 
pour le polymére fortement branché et de petite densité suit de la valeur supérieure de son 
poids moléculaire moyen. 


BIMAHHE HA D®MERT 

U3V4eHO (LIA THNOB BEICOKOM MAOTHOCTH M crenenn 
MaJl0ii B TO BpeMA Kak 
TOAMMepa BLICOKOM MIOTHOCTH pasBeTBAeHHOCTH 
BaeTcA ero Goaee BLICOKUM Cpe{HHM BeCOM, 


EINFLUSS DES KRISTALLISIERUNGSGRADES AUF DIE 
STRAHLENWIRKUNG BEI POLYATHYLEN 


Der Einfluss des Grades der Kristallisierung auf die strahlungsinduzierte Vernetzung 
bei verschiedenen Typen des Polyathylen (PA) (niedrige und hohe Dichte, verschiedenes 
Ausmass der Verzweigungen) wurde untersucht. Loslichkeitsmessungen ergeben eine niedrige 
Gelierungsdosis bei wenig kristallinem PA von niedriger Dichte, wahrend Quellung und 
Moduludbestimmungen die gleiche Vernetzungsdichte fiir 4 verschiedene PA-Typen ergeben. 
Daraus wird geschlossen, dass im amorphen und im kristallinen Gebiet der G-wert fiir Vernet- 
zungen nur wenig differiert, die niedrige Gelierungsdosis fiir hochgradig verzweigtes PA von 
niedriger Dichte ist seinem hohen Molekulargewicht zuzuschreiben. 


* Present Address: Royal Military College of Science, Shrivenham, near Swindon, Wilts. 
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INTRODUCTION 


Tue changes in physical and chemical 
structure of organic molecules subjected to 
high energy radiation arise primarily from 
ionization or excitation of the molecule. 
Although these initial processes occur at 
random through the system, and the energies 
involved are sufficient to fracture any 
chemical bond, the chemical changes even- 
tually produced do not show this random 
character, but tend to be very specific in 
character. One must therefore envisage a 
series of intermediate processes, which occur 
between the initial phenomena of ionization 
and excitation, and the final chemical reac- 
tion. The elucidation of these intermediate 
processes is fundamental to an_ under- 
standing of the mechanism of such radiation- 
induced reactions as changes in isomerism, 
unsaturation, crosslinking and degradation. 

Among the variables likely to affect these 
intermediate processes, one may consider 
(a) radiation conditions, such as radiation 
dose, intensity, temperature and type of 
radiation, (b) chemical structure of the 
irradiated material, molecular weight and 
degree of branching, (c) physical state, i.e. 
gaseous, liquid or solid, degree of orientation 
and of crystallinity. 

Many of these variables have already been 
studied in the case of simple hydrocarbons 
such as normal paraffins and polyethylene. 
It is known for example that the number of 
crosslinks is directly proportional to the 
radiation dose but unsaturation tends to a 
limiting value. Both are independent of 
radiation intensity over an extremely wide 
range of at least 10° to 1. Such evidence as 
exists indicates that the type of radiation is 
likewise of little importance, densely ionizing 
radiation such as « particles and sparsely 
ionizing radiation such as fast electrons or y 
rays producing similar chemical changes for 
the same energy 

The effect of molecular weight of normal 
paraffins on the formation of crosslinks is 
found to be slight or negligible except for 
very low molecular weight molecules when 
end effects become important. Branching in 
hydrocarbons has a marked effect on the 


gases evolved under radiation, the hydrogen 
yield being reduced while low molecular 
weight hydrocarbon products are increased. 
This situation arises because of the higher 
radiation sensitivity at branched points; in 
the extreme case of polyzsobutylene with two 
methyl groupson every alternate carbon atom 
in the main chain, main chain fracture results 
and degradation takes place rather than the 
crosslinking observed innormal paraffins.(4-!)) 

Much less information is available on the 
effect of physical state of an organic system 
on the resultant radiation-induced reactions. 
Temperature of irradiation is known to 
change the number of crosslinks produced in 
polyethylene but to have very little effect on 
hydrogen evolution or on main chain 
unsaturation."?:13) The influence of crystal- 
linity or of orientation has not been studied 
in any detail. In this paper, which is 
one of several dealing with the effect of 
physical state on radiation-induced reactions, 
the effect of degree of crystallinity on the 
crosslinking of polyethylene is investigated. 


Structure of polyethylene 

At room temperature, polyethylene is 
partly crystalline and partly amorphous. 
X-ray and electron diffraction analyses show 
that in the crystalline regions the molecular 
chains are arranged in a similar manner to 
that of normal paraffins in the solid state, 
while the amorphous regions have approxi- 
mately the same structure as liquid paraffins. 
Variations in the degree of crystallinity are 
therefore effectively equivalent to a change in 
the ratio of liquid to crystalline solid in normal 
paraffins.14-19) 

Most published work in the irradiation of 
polyethylene made use of polyethylene 
polymerized under conditions of high pressure 
and temperature. These conditions favour 
branching and the resultant polymer there- 
fore has relatively small crystals which melt 
at temperatures up to about 115°.4® More 
recently, catalytic methods of producing 
polyethylene under conditions of lower 
pressure and temperature give a polymer 
which is almost linear and in which the 
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crystals are very much larger. In the former 
(low density polyethylene), the degree of 
crystallinity is usually between 40 and 60 
per cent, whereas in the high density poly- 
ethylenes, the figure may exceed 80 per cent. 


By comparing the radiation sensitivity of 
these various materials, it is possible to 
study the effect of crystallinity on the effi- 
ciency of crosslinking. 


EXPERIMENTAL 


The specimens studied consist ofa commer- 
cial low density branched polyethylene (J) 
and of several high density polyethylenes 
(M, K, Z), obtained with two different types 
of catalyst. Full details of the molecular 
weight distribution of these three specimens 
were not available but from the improved 
mechanical properties it had often been 
assumed in the past that the low density 
polyethylene has a lower average molecular 
weight than the high density material. 

The specimens in the form of sheet some 
4 in. thickness were subjected to a series of 
electron radiations with a Van de Graaff 
2 MeV accelerator, the radiation doses being 
accumulated at the rate of 1 Mrad per pass 
under the beam. The time lapse between 
each pass was sufficiently long to prevent 


overheating the specimens with consequent 
changes in the degree of crystallinity. 
Measurements of samples irradiated in air 
and in vacuum showed no significant 
differences. 

Measurements of solubility, swelling and of 
elastic modulus were made for each of these 
specimens using the techniques described 
in earlier papers. Solubility and swelling 
data were obtained for specimens placed 
in a Soxhlet, and extracted with toluene 
for 24 hr. Elastic measurements were 
carried out at 140°C, at which temperature 
all crystallinity has disappeared. By com- 
paring values at increasing and decreasing 
loads, it was confirmed that the deformations 
measured were elastic, and not plastic. 


RESULTS 


Solubility 

In polymers which crosslink under radia- 
tion, the effect is most readily shown by 
changes in solubility. Small degrees of cross- 
linking merely increase the degree of branch- 
ing and the average molecular weight but 
the specimens still remain soluble. A critical 
pointis reached beyond which a 3-dimensional 
network is formed and part of the specimen 
becomes insoluble. Further radiation then 
increases the amount of insoluble material at 
the expense of the soluble fraction. The 
relation between solubility and radiation dose 
is determined by the initial molecular weight 
and molecular weight distribution and by the 
G value for crosslinking. 

The gel point at which an insoluble 
fraction first begins to form is determined by 
the condition that there is an average of one 
crosslinked unit per weight average molecule. 
If the initial weight average molecular weight 
is represented by M,, and the dose r is 
measured in megarads, the energy absorbed 


per weight average molecule averages 
0-625 x 102% x M,,/6-02 x 1073 or 1-04 x 
10-4rM,, eV. The number of crosslinks formed 
per 100 eV of energy absorbed is represented 
by G and the number of crosslinked units is 
twice this value. The energy absorbed per 
crosslinked unit is therefore 100/2G and the 
radiation dose for incipient gelation 1, is 


100 M 


4 


Radiation dose 


Fic... 1. 


VOI 
3 
NO 
SSS 
il 
100 400 
megarads 
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given by the equation: 
1:04 x 10-47,M,, = 100/2G 
or r,M, = 0-48 x 10°/G 


If the G value for crosslinking is independent 
of physical state, the product 7,//,, should be 
constant. The higher the weight average 
molecular weight M,, of a specimen the 
lower should be the gelation dose. 

Fig. 1 shows the observed sol-dose rela- 
tionship for three of the types of polyethylene 
studied. It is seen that the gelation dose for 
the low density polyethylene J is lower than 
that for either of the two high density 
materials; i.e. for polyethylene J, M,,G is 
larger than for the more linear polyethylenes. 
This can be due either to M,, being larger 
for the former polymer or to increased 
efficiency of crosslinking in the amorphous 
regions. 

To distinguish between the two alter- 
natives, measurements on swelling and 
elastic modulus have been made; these do 
not depend directly on M,,, and therefore 
give an independent value of G. 


Swelling 

A crosslinked polymer network will swell 
in a fluid in which the polymer molecules 
would dissolve if not crosslinked. The 
maximum degree of swelling is related to 
the average chain length between successive 
crosslinks; the corresponding molecular 
weight is usually written A/,. A theoretical 
formula for the swelling ratio can be written 
in the approximate form 


V5!) — (0-5 — 


where V is the ratio of swollen polymer, 
i.e. polymer plus solvent, to its initial dry 
weight; mw is the interaction parameter 
between solvent and polymer, p is the density 
of the dry polymer and v is the molar volume 
of the solvent. This approximate formula 
does not apply for high densities of cross- 
linking when the swelling ratio is small nor 
does it apply to very lightly crosslinked 
networks in which a significant amount of 
the initial material is present either as soluble 
fraction or as chains joined to the network 
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structure at only one point. Providing 
radiation doses used are several times 
greater than those needed for incipient gel 
formation, these end effects may be ignored. 
Then if a fraction ¢g of the monomer units is 


crosslinked 
M, = 28/4 


where 28 represents the molecular weight of 
the repeating unit C,H,. Since the cross- 
linking density g is proportional to the 
radiation dose r (q¢ = qr, where qy is the 
crosslinking density per unit dose) 


— 28(0-5 — p)/pogor 


Thus, a log/log plot of V against r should give 
a straight line of slope —0-6; the actual 
position of this plot will depend on qo, i.e. 
the proportion of units crosslinked per unit 
radiation dose. gp, is related to the G value 
for crosslinking as previously defined— 


qo = 58-2 x 10-°G 


The experimental results for the three 
polyethylenes investigated are shown in Fig. 
2. At low radiation doses, close to the gel 
point, the curves differ widely, but their 
general shape is typical of those obtained for 
most crosslinking polymers, showing a low 
swelling ratio near the gel point, and a very 
rapid rise to a peak as more crosslinked 
material is available for swelling. At high 
doses the swelling measurements for different 
types of polyethylene are in good agreement, 
although the overall slope of the curve is 
somewhat less than —0-6 as predicted in the 
approximate theoretical formula given above. 
This discrepancy may be due to the low 
degree of swelling involved (when a more 
accurate theoretical analysis gives a slightly 
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different value) and also to the possible effect 
of degradation of the chain additional to cross- 
linking. In any case, the ratio (0-5 — u)/qo 
is similar for these polymers. Since 
the interaction parameter yw is unlikely to be 
greatly affected by the degree of branching 
in the low density polyethylene, it follows 
that g, and hence G (crosslinking) must be 
similar for all three types of polyethylene 
studied here. 


Flastic modulus 

For a highly elastic network, the theore- 
tical relationship between the applied stress f 
and the extension « is given by the formula 


RT 


(2 — 1/22) 


where & is the gas constant, 7’ the absolute 
temperature and « is the ratio of the extended 
length / to its original length /). A, is the 
molecular weight between crosslinks as 
previously defined. To allow for end effects 
which are ignored in this formula, a correc- 
tion factor must be added. Fiory” has 
given the amended expression 


pRT 


(a — 1/a%)(1 — 2M,/M,,) 


so that this relationship can be written in the 


form 
l M 


f= pRT(x — 5") 


c 


where M,, is the number average molecular 
weight. Replacing M, by 28/¢ (= 28/qor), 


f = pRT(a — 1/02) 


A plot of f(« — 1/«?)-1 against the dose r 
should therefore give a straight line if the 
number of crosslinked units per unit radia- 
tion dose (gy) is constant. The slope of the 
curve gives g, (or G) while the intercept of 
the curve gives M,, the initial molecular 
weight of the polymer. 


Stress/strain curve | 
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40 megarad test temp. 140°C_ a 
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Fig. 3 shows that the relationship between 
jf and « is that predicted in the equation, 
while Fig. 4 shows that the quantity 
f(« — 1/a?)~4 is proportional to the radia- 
tion dose r with a different intercept for 
each polymer. The slope is, however, the 
same, indicating that g, or G is constant in all 
these polymers whatever the degree of 
crystallinity during irradiation. G values 
are given in Table 1. 
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DISCUSSION 

similar for several forms of polyethylene 
differing widely in their degree of crystal- 
linity. From these results, it appears that 


Measurements of elastic modulus and 
swelling both indicate that the number gp 
of crosslinked units per unit radiation dose is 
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TABLE 1. G values from elastic modulus 


— 


Type at 100 Mrad 


Polymer 


G (cross- (cross- 
link) linked unit) 


Intercept 
Mrad 


per 
Mrad 


I 10° 
K 8-15 x 10° 
M OZ 108 


Low density 
High density 
High density 
High density 


10-5 
9:6 x 10-5 


crosslinks are introduced at random in the 
system and that these crosslinks can occur 
equally readily in the crystalline or in the 
amorphous regions. It disproves the possi- 
bility that crosslinks occur primarily in the 
amorphous regions, since in that case the 
average molecular weight between cross- 
links would be limited by the average size of 
the crystallites and would not be randomly 
distributed. The introduction of a cross- 
linked unit in a crystalline network would 
cause a considerable disruption and may 
therefore be responsible for the destruction 
of crystallinity observed when polyethylene 
is irradiated. 

Since the values of gy or G are independent 
of degree of crystallinity, and 1,A/,, = 
0-48 x 108/G, the solubility data indicate 
that low density polyethylene, with a lower 
gelling dose r,, has a higher weight average 
molecular weight than either of the two high 
density polyethylenes. However, the slope 
of the solubility dose curve is much smaller, 
indicating a much wider molecular weight 
distribution. This would account for the 
apparently low value for the number average 


molecular weight of this polymer in relation 
to its weight average. 

For a number of linear long chain poly- 
mers, the bulk viscosity in the molten state 
is primarily a function of the weight average 
molecule. A branched polymer would, 
however, have a much lower bulk viscosity 
than a linear polymer of the same molecular 
weight. Since the polymers studied here have 
comparable bulk viscosities, it follows that 
the highly branched (low density) material 
(1) has a much higher weight average 
molecular weight than the high density 
polyethylene specimens (Z, K, AZ) in agree- 
ment with the solubility results deduced here. 

The intercept of the f(« — 1/x?)—1/r plot 
should give values for M,, and in fact the 
values obtained are of the correct order. 
However, the FLory correction for end effects 
is only of an approximate character, and the 
method cannot be considered as offering a 
means of determining M/,, onan absolutescale. 
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s-Ray Spectroscopy using a Hollow Plastic 
Scintillator 


D. G. GARDNER* and W. W. MEINKE 


Department of Chemistry, University of Michigan, 
Ann Arbor, Michigan 


Specially designed plastic scintillators employing a hollow construction to minimize electron 
scattering have been used to study accurately f-spectral distributions down to energies of less 
than 0-1 MeV. This inexpensive addition to a scintillation y-ray spectrometer makes possible 
resolution of the f-spectra of isotopic mixtures. This unit is of particular importance in 
multiple tracer studies involving pure f-emitters. 


LA SPECTROSCOPIE DES RAYONS £ UTILISANT UN SCINTILLATEUR 
CREUX EN PLASTIQUE 


Des scintillateurs en plastique particuliérement dessinés ayant une forme de construction 
creuse, afin de mettre au minimum la dispersion des électrons, a servi a l’étude précise des 
distributions spectrales de rayons /} jusqu’a des énergies de moins de 0,1 MeV. 

Cette addition peu cotteuse 4 un spectrométre a scintillation pour rayons y rend possible la 
résolution des spectres $ des mélanges isotopiques. Cet élément a une importance particuliére 
aux études a indicateurs multiples comportant des émetteurs f pures. 


C MIPMMEHEHUEM ITIOJIBIX 
ILTACTMACCHbI 

WaacTMaccOBble KOHCTpyRKUMM, pacuMTaHHble Ha 
VMeHbINeHNe JIEKTPOHOB, ObLIM TOUHBIX M3MepeHHii 
nuke Map. Oro HeLOporo crorollee K 
OcOOeHHO WIA CBA3AHHBIX C HeCKOJIbKMX H30TONIOB, 


B-SPECTROSKOPIE MIT HILFE EINES HOHLEN PLASTIKSZINTILLATORS 


Zur genauen Bestimmung der spektralen Verteilung von #-Strahlen bis zu Energien 
niedriger als 0,1 MeV wurde ein besonders konstruierter Szintillator verwendet, dessen innere 
Hohlung die Streuung der Elektronen auf ein Minimum herabsetzt. Dieser ziemlich billige 
Erganzungsteil zu einem Gamma-Spektrometer erméglicht die Messung von f-Spektren in 
Gemischen von verschiedenen Strahlem. Das Gerdat ist besonders geeignet fiir multiple 
Indikatoruntersuchungen bei welchen reine f-Strahler verwendet werden. 


information would be preferable to y-ray 


In the past few years y-ray spectroscopy has 
data in the identification and/or assay of 


become increasingly more common in the 


industrial and biological research laboratory. 
p-ray spectroscopy has not, however, ex- 
perienced the same growth. This is unfor- 
tunate because in many instances /-spectral 


radioactive species. 

A p-ray spectrometer would be useful 
when working with such isotopes as S° and 
P82 which do not emit y-rays; e.g., the 
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amount of P3* in a P3? sample could be de- 
termined without the necessity of following a 
decay curve for months. In experiments with 
mixed tracers which emit similar y-radiations, 
beta spectral analysis would be an alternate 
method for obtaining the relative abundance 
of each tracer. In addition, the p-spectrum 
would be another means of characterizing an 
unknown activity in a radioactive mixture. 
The limited availability of simple, low 
cost /-ray spectrometers has restricted their 
use in the past. This paper describes a type 
of spectrometer using a hollow scintillation 
detector which has permitted the study of 
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beta spectral distributions down to energies 
of less than 0-1 MeV. The resolution of this 
hollow detector is shown to be much better 
than that of a flat detector of the same scin- 
tillation material. Further advantages include 
simplicity of construction and low cost. The 
detector operates with a 27 geometry in an 
air atmosphere which facilitates source 
changing, and requires relatively small 
amounts of activity. 

This spectrometer is sufficiently accurate 
for most routine needs and represents an 
inexpensive addition to any scintillation y- 
ray spectrometer. 


B-RAY SPECTROMETERS 


Magnetic spectrometers provide excellent 
f-spectral determinations, but they possess 
certain drawbacks. Their excellent resolu- 
tion is accompanied by a low transmission 
which requires high sample activity. Their 
vacuum system imposes restrictions on 
sample preparation and ease of sample 
changing. In addition they have a relatively 
high cost. 

p-scintillation spectrometers utilize /-sensi- 
tive fluorescent detectors which can be made 
interchangeable with detectors in a y-ray 
scintillation spectrometer. In the usual 
arrangement") the detector is mounted 
on a photomultiplier tube with the /-ray 
source placed at some short distance in 
front of the detector. This arrangement, 
however, tends to distort the /-spectrum 
since some of the /-particles will be scattered 
out of the phosphor, leaving only part of 


their energy behind. In many cases this 
leads to significant distortion over the lower 
two-thirds of the spectrum. 

A method designed to circumvent the 
scattering effect) requires that the sample 
be placed within the detector. This method 
is restricted to pure /-emitters, since any 
p-ray background cannot be subtracted. 
In addition, energies of radiations emitted 
in coincidence but at different angles will add, 
thus producing spurious pulses representing 
the sum of the energies of these radiations. 

In 1950 P. R. BELL suggested an arrange- 
ment known as the Hollow Crystal Spectro- 
In this instrument the f-rays are 
collimated into a conical hole in the phos- 
phor, thus reducing the probability of escape 
of scattered f-rays. A modified version of 
this type of spectrometer has been developed 
and is described below. 


DESCRIPTION 


A plastic scintillator was chosen for this 
spectrometer because it is less expensive, 
easier to machine, and less fragile than 
organic crystals.* Fig. 1 shows the cross- 
sections of the three detectors that were con- 
structed. They were designed for maximum 
f-energies of 1-5, 2-2 and 3-6 MeV, respec- 
tively. Each detector is constructed in two 
parts consisting of a flat, solid, right circular 


cylinder used as the base, and a top piece in 
the form of a hollowed-out cylinder or 
truncated cone. The faces of the pieces are 
polished, and then the top optically con- 
nected to the base with silicone fluid. 

The hollow detector is next wrapped with 
1-5 mil aluminum foil except for the hole in 
the top and mounted on a photomultiplier 
tube as in Fig. 2. Each radioactive sample 


* The particular plastic phosphor chosen was Sintilon, produced by National Radiac Company, Newark, N.J. It is 


similar in performance to trans-stilbene. 
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1.5 MEV 2.2 MEV 3.6 MEV 
DETECTOR DETECTOR DETECTOR 


= 


2 
Fic. 1. Cross-sections of the three hollow plastic scintil- 
lators. 


is mounted on 0-25 mil Mylar film coated 
on the reverse side with a thin layer of 
aluminum. The mounted sample is then 
covered with a 0-25 mil film of transparent 
Mylar and pressed tightly to the top of the 
detector over the entrance hole. The 
aluminum backing of the sample completes 
the light-tight reflector surrounding the 
detector. A rubber cap is finally placed 
over the detector and phototube housing 
to guard the detector from outside light. 
Calibration of the spectrometer is accom- 
plished using conversion electron peaks from 
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Fic. 2. Cross-section of f-ray detector mounting. 


In™4, Sn™8 and Cs}8’, and also by measuring 
p-spectra with known maximum energy and 
shape. For the particular phosphor used 
here, the heights of the output pulses from 
the photomultiplier tube are linearly pro- 
portional to energy from about 0-1 MeV to 
at least 3-6 MeV. In the range from 0 to 
0-1 MeV the calibration curve was approxi- 
mated by continuing the calibration plot in 
a smooth curve down to the origin. A 
correction was made for the energy lost by 
the f-particles as they passed through the 
Mylar sample cover and through the air 
inside the detector.‘ 


CALCULATION 


It is, in general, more difficult to analyze 
a beta spectrum than a y-spectrum, but 
since digital computers have become more 
available, this need no longer be a major 
problem. The spectra to be presented here 
have been analyzed‘®) on an IBM 650 com- 
puter where the average machine computa- 
tion time was less than } min per spectrum. 

The shape of the f-spectral distribution 
may be represented by the following equa- 
tion: 


N(W) dW « pW(W, — W)2F(Z, W) 
[M2] dW. (1) 


Here N(W) is the number of /-particles 
emitted with energy W, W, is the maximum 
beta energy, p is momentum, F(Z, W) is a 
Coulomb factor, and M? is a nuclear factor 


whose form depends upon whether the 
transition is allowed or forbidden. Re- 
writing equation (1), we have 


N(W) 


A plot of the left hand side of equation (2) 
against energy W is called a Kurie plot and 
yields a straight line intersecting the abscissa 
at W,, the maximum f-energy. Tables of 
the function pWF(Z, W) are available from 
the National Bureau of Standards. If the 
p-transition is allowed, [\/?] ~ 1 and is 
independent of energy. If the transition 
is forbidden, [M?] may be a complicated, 
energy-dependent function. Some of the 
Kurie plots discussed later are of forbidden 
transitions of a type that is particularly easy 
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to handle. These are the “unique’’ first- 
forbidden transitions where 


[M2] = « = (W? —1) + (W, — W)?. 
(3) 


The symbol VN/F will be used in the sub- 
sequent figures to represent {NW/[pWF(Z, 
W)]}"*.. The symbol « will be used to indi- 
cate that a correction for forbiddenness has 
been made. 

The beauty of the Kurie representation is 
that a linear extrapolation of the plot will 
yield the maximum energy W,, and also that 
it is a simple means of testing a spectrum for 
the allowed shape. If there is more than one 
beta transition present, the complex Kurie 
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plot may be resolved to give a straight line 
for each component. The relative abundance 
of each p-ray group may then be determined 
from the area under each straight-line curve. 

It is somewhat more convenient to use 
relativistic or rest mass energy units rather 
than MeV when correcting spectra for for- 
biddenness. ‘The two units are simply re- 
lated by the following equation. 


E 
+1. (4) 
where W is energy in relativistic units, F is 
energy in MeV, and mc? is the rest mass of 
the electron (0-5109 MeV). When the tran- 
sition is allowed, it is usually more convenient 
to substitute F for each W in equation (2). 


PERFORMANCE 


A number of corrections can be made to 
improve the relatively poor resolution of a 
scintillation f-ray spectrometer. In _ the 
following discussion the spectra have been 
corrected for resolution near their maximum 
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Fic. 3. y-Ray backgrounds in the three plastic detectors. 


energy endpoints only. (The resolution 
correction procedure is discussed at the end 
of this paper.) 

y-Ray background. The plastic p-ray de- 
tectors used here are also somewhat sensitive 
to y-rays. Therefore, if y-rays are present in 
a sample, the y-background must be sub- 
tracted from the gross curve to get the /- 
spectrum. The y-background may be 
obtained by placing an absorber in the 
entrance hole of the detector under the 
sample. The magnitude of this effect is 


shown in Fig. 3 where the backgrounds in 
each of the three previously described 
detectors have been normalized to a Cs!87 
B-ray spectrum. Assuming an equal number 
of f-rays and y-rays in Cs!*’, the ratio of the 
y- to f-efficiencies in the usual experimental 
set-up is roughly 0-23 for the 3-6 MeV 
phosphor, and 0-15 and 0-11 for the 2-2 and 
1-5 MeV phosphors, respectively. 

Because of this background effect it is 
desirable to place the sample right at the 
entrance of the detector, rather than placing 
it a short distance away and using a colli- 
mator to direct the (-particles onto the 
bottom of the detector. The latter method 
not only does not improve the resolution, 
but also greatly increases the ratio of y-rays 
to f-rays detected (assuming that the 
collimator does not appreciably reduce the 
number of y-rays striking the detector). 

Intercomparison of the three detectors. ‘The per- 
formance of the 2-2 MeV detector is some- 
what superior to the other detectors for 
B-rays up to ~2 MeV. The reasons for this 
include the following: 

(1) The much larger size of the 3-6 MeV 
detector contributes to greater light scatter- 
ing and a lower optical transmission. 

(2) The optical interface between the top 
and bottom parts of an assembled detector 
is appreciably smaller in the case of the 
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1-5 MeV detector than for the 2:2 MeV 
detector. 

These effects cause the resolution of the 
9-2 MeV detector to be somewhat better 
than the others, as shown in Table 1. These 


Taste |. Resolution of the three phosphors for the 
Cs!7 conversion electron peak 


Resolution uncorrected 
Phosphor 
(%) 


14-7 
14-0 
15-8 


1:5 MeV 
2:2 MeV 
3-6 MeV 


resolutions have not been corrected for the 
higher energy f-ray present in Cs!8’, nor for 
the smearing of the low energy edge of the 
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Fic. 4. Effect of sample backing on shape of the 
Kurie plot of 


peak. The true per cent resolution would be 
somewhat smaller in each case. Since a 
correction for resolution can be made, the 
advantage in using the 2-2 MeV detector is 
only slight. 

Effect of sample backing. Essentially any 
amount of backing upon which the sample 
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rests will cause some distortion of the /p- 
spectrum due to backscattering. It is also of 
interest to compare light reflecting backings 
with transparent ones. Fig. 4 shows Kurie 
plots for Cs'*’ obtained using various sample 
substrates. The top curve is for the alumi- 
num-coated Mylar normally used, and shows 
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3. 5. Effect of sample thickness on the 
Kurie plot of Cs!*’, 


much less distortion than the others. The 
bottom curve shows the results for 0-25 mil 
transparent Mylar (no aluminum coating). 
The two center curves were obtained by 
placing first one and then nine 6 mil 
aluminum discs behind the transparent 
Mylar backing. Further work along these 
lines showed that for most purposes it was 
not necessary to use extremely thin films (of 
the order of mg/cm?) or sample mountings. 

Thick samples. Occasionally carrier-free p- 
sources are not available, and the best 
sample that can be obtained is one of high 
specific activity. Since any weighable sample 
will tend to distort the f-spectrum, it is of 
interest to determine the magnitude of this 
distortion. In Fig. 5 a carrier-free source of 
Cs!87 is compared with a source made by 
mixing finely powdered BaCO, with the 
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Cs!8" activity. The thick source had a 
surface density of ~3-6 mg/cm?. While dis- 
torted, the thick sample still yields a usable 
Kurie plot over a portion of the range. 
Forbidden spectra. A [-ray spectrometer 
must be accurate enough to distinguish 
between the shapes of allowed and forbidden 
spectra. Without this information the resolu- 
tion of complex spectra may be extremely 
difficult if not impossible. To evaluate this 
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Fic. 6. Kurie plot Cs!*" showing effect of forbidden 
correction term. 


spectrometer a number of “unique’’ forbid- 
den spectra were examined Fig. 6 shows 


the results for Cs!8’.. The pronounced 
difference in shape, i.e. the skewing of the 
uncorrected spectrum toward higher energies 
is typical of forbidden spectra. 

Complex spectra. If there is more than one 
beta emitter present in a sample, it may be of 
interest to determine the relative abundance 
of each emitter. Fig. 7 shows the Kurie plot 
obtained when a Cs!*7 and a Pm!” sample 
were examined simultaneously. After the 
Cs187 component was subtracted, the allowed 
Kurie plot for Pm’ could be calculated. 
This resolved curve is presented in Fig. 8. 
The area under each Kurie plot was com- 
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Fic. 7. Kurie plot of Cs!®7 + Pm!47 mixture. 
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‘1G. 8. Kurie plot of Pm!*? resolved from 
Cs!87 + Pm147 mixture. 
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pared with the Kurie plots taken individually 
on each sample. The ratio of the areas in 
the mixture was within 4 per cent of the ratio 
from the individual samples. 
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The apparent straightness of the Pm*’ 
Kurie plot, down to ~0-05 MeV, is some- 
what accidental. The Kurie plot obtained 
on the Pm™? sample alone was straight down 
to ~0-08 MeV where the observed points 
began to fall below the straight line. The 
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Fic. 9. Kurie plots for P®? from both flat 
and hollow detectors. 


upward curvature of the Cs!" Kurie plot at 
low energies was not taken into account 
when it was subtracted from the plot of the 
mixture. Hence the resolved Pm!" curve 
contained a Cs!8* component which obscured 
the true shape at low energies. Correction 
for instrument resolution over the entire 
mixed spectrum would have eliminated much 
of this difficulty, and would have produced 
more accurate results for the ratio of the 
components. 

Comparison with flat detectors. A comparison 
was made between the performance of the 
hollow detector and a flat detector. The 
base of the 2-2 MeV hollow detector was 
covered with 1-5 mil aluminum foil, and was 
used as the flat detector with the source 
2-2 cm from the detector along its axis. The 
resolution for the Cs!37 conversion electron 
peak was 24 per cent for the flat detector 
and 14 per cent for the 2:2 MeV hollow 
detector. Conversion peak to valley ratios 
were 4/1 and 6/1 for the flat and the hollow 
detectors, respectively. The improvement in 
resolution by a factor of more than 1-7 is 
important since the spectra are thereby less 
distorted and resolution correction over the 
entire spectrum may not be necessary. 
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Fig. 9 shows the allowed Kurie plot for 
P®2 obtained on each detector. While the 
flat detector produces a Kurie plot that is 
linear over about half the range, the plot 
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Fic. 10. Effect of resolution correction near the 
endpoint of f-spectra. 


from the hollow detector is linear over more 
than three-quarters of the range. On both 
curves the sharp upward curvature at the 
lower end is due in part to P** in the sample. 

Correction for instrument resolution. Because of 
the low resolving power of scintillation f-ray 
spectrometers, the observed spectral shape 
does not correspond exactly to the true shape. 
In fact, at both the low energy and the high 
energy ends, the distortion usually proves to 
be very significant. The experimentally 
measured spectrum M(W) is related to the 
true spectrum N(W) by the following 


ant 
w) N(W)S(W) dw 


Ww (5) 


where W is energy, W, is the maximum /- 
energy, and $(W) is the so-called instrument 
profile or line shape. 

Several have appeared 
discussing the correction for instrument 
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resolution assuming a Gaussian distribution 
for the instrument profile. This works well 
enough at the high energy end, but uniformly 
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Fic. 11. Experimental conversion peak profile for Cs?87, 


fails to eliminate upturns at low energy. 
Fig. 10 shows the effect of this type of 
correction near the maximum energy using 
the method of PALMER and Las.ett.'?? 
Perhaps the best approach to the resolu- 
tion problem was put forth by FREEDMAN et 
al.“8) in June, 1956. They assumed that the 
instrument profile was not symmetrical. 
Following their approach and using coinci- 
dence methods, the conversion electron peak 
of Cs!837 was measured on the 2:2 MeV 
hollow detector and is shown in Fig. 11. It 
can be seen that the curve extends all the 
way down to zero energy at a constant value 
of 5 per cent of the peak height. Using this 


line shape the Kurie plot for Cs!8? was 
corrected and is shown in Fig. 12. Now the 
Kurie plot is straight down to ~0-05 MeV. 
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Fic. 12. Effect of non-Gaussian resolution correction on 


Cs!** Kurie plot. 
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REPORT OF MEETING 


International Conference on Radioisotopes in 
Scientific Research, Paris, 9-20 September 1957 


Tue Department of Natural Sciences of the 
United Nations Educational Scientific and 
Cultural Organization must be congratu- 
lated for organizing the Conference and 
ensuring the smooth running of the sessions. 
Over 1200 delegates from 61 countries at- 
tended and owing to the size of the building 
in which it was held, the delegates were 
able to meet outside the formal sessions for 
those personal contacts which are so impor- 
tant a part of international gatherings. 

The papers presented covered a wide 
range of topics, some of them highly specia- 
lized. This accounted for the small atten- 
dance at some of the sessions, but those 
present were generally active workers in the 
field under discussion and able to take an 
intelligent and knowledgeable interest. It 
was unfortunate that only two sessions were 
devoted to methods and techniques. These 
were by far the best attended and the or- 
ganizers should consider whether in future 
there should not be more time allowed for 
these aspects of the subject. However, there 
can be no doubt of the success of this Con- 
ference and few can have left Paris without 
having benefited from their attendance. 

The biological sessions were held in the 
Grand Amphitheatre of the Faculty of 
Medicine. 


Pharmacology 


The first session, under the title Pharma- 
cology included a paper on the development 
of drug resistance in bacteria. A. WACKER 
(Germany) describing work with labelled 
sulphanilamide and f-amino salicylic acid, 
suggested that bacterial resistance to these 
agents developed by virtue of a change in 
enzyme-substrate affinity detrimental to the 
inhibitor and favourable to the normal 
metabolite. He further suggested that resis- 
tant cells may have become adapted to 


incorporate the molecules of inhibitor into 


a functional system. 

P. S. Larson (U.S.A.) had used randomly 
C14-labelled tobacco incorporated into ciga- 
rettes to follow the rate of absorption and 
distribution of tobacco smoke into the tissues 
of the dog. They described how the smoke 
from the cigarettes containing tracer amounts 
of C14-labelled dextrose (dextrose is a natural 
component of certain tobaccos, and is widely 
used as an additive in the U.S.A. but not in 
the U.K.) was deposited in the respiratory 
tract of dogs. Examination of the tissues and 
of the expired air of animals sacrificed up to 
24 hr after the inhalation of smoke from such 
cigarettes showed that after a few minutes 
very nearly 50 per cent of the C™ activity 
found in the animal is present in the blood, 
with 19-8 per cent in the skeletal muscle and 
only 5-4 per cent in the lung tissue; the 
same as that found in the skin. After 24 hr, 
67-1 per cent of the activity of the smoke 
had been lost, chiefly through the expired 
air and the urine. The remainder, some at 
least of which must have entered the normal 
metabolic pathways of the body, was to be 
found chiefly in the skin (10-2 per cent) 
bone (8-7 per cent) and skeletal muscle 8-4 
per cent. Further and more detailed work 
along these lines should lead to a better 
knowledge of the chemical composition of 
tobacco smoke and of its fate in the animal 
body. 


Todine metabolism 


The session on “Iodine Metabolism’’ was 
unfortunately rather curtailed, owing to the 
withdrawal of two of the papers which should 
have been presented and the late arrival of 
the authors of a third. 

Mme. E. TRIANTAPHYLLIDIs (France) pre- 
sented evidence which suggests that injected 
iodine does not blend immediately and 
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intimately with the iodine already present in 
the thyroid gland. If, 6 hr after an injection 
of radio-iodide, all further incorporation of 
iodide by the thyroid is prevented by sodium 
chlorate injection, then during the next 4 
days, 55 per cent of the radioactive but only 
27 per cent of the stable iodine leaves the 
gland. The specific activity of the iodine 
secreted in this period is 3—4 times greater 
than that remaining in the gland. She was 
unable to ascribe any precise physiological 
significance to these findings, but pointed 
out that the concept of the homogeneity of 
functional iodine in the thyroid was not 
above criticism. 

R. H. Sorensen (Denmark) described a 
new method for the determination of thyroid 
secretion rates in living intact animals 
without having to administer thyroxine or 
goitrogens. Following an injection of radio- 
iodide, the rate of loss of radio-iodine from 
the thyroid gland is measured by means of 
external counters and the total and protein 
bound iodine in the serum are also measured. 
Certain errors inherent in the method and 
the assumptions made were pointed out, but 
an over-all accuracy of 10-20 per cent is 
possible. Using this technique, he was able to 
relate the secretion of thyroxine/unit body 
weight and butterfat production in a group 
of cows. There was a highly significant 
correlation, which could be described mathe- 
matically :— 

y = 0-65 exp (2-3x), 
where y = daily secretion of thyroxine in 
mg/500 kg body weight, x = kg butterfat 
produced daily. 


Lipide metabolism 
There were five papers in the session on 


lipide metabolism. R. F. Giascock (U.K.) 
reported work on the metabolic interrela- 
tionship between blood and milk lipides in 
the lactating dairy cow. He showed: that 
natural blood lipides have a half-life of about 
70 hr, nearly three times as long as that of 
injected fat, which thus seems to be treated 
as an “unnatural”? component of the body. 

M. Lauryssens (Belgium) had studied the 
fate of butyrate 1-C™ in the perfused cows 
udder. A relatively small percentage ap- 
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peared as C4Q,, 6 per cent in a 2 hr ex- 
periment, and this he interpreted as being 
due to the small capacity of the isolated 
udder to oxidize butyrate to acetyl co-enzyme 
A. Unlike similar experiments with acetate, 
more of the C™ appeared in the casein than 
in the factor lactose. 

F. CHEVALLIER (France) presented figures 
for the cholesterol space of the rat. This 
includes all those organs whose cholesterol 
molecules are in equilibrium with those in 
the serum, and accounts for more than 50 
per cent of the total cholesterol. In some 
organs, e.g. muscle and testes, only a fraction 
of the cholesterol is replaced from the serum, 
and no exchange could be detected with 
brain tissue. 


Blood and blood proteins 


The session on blood and blood proteins 
was well attended: each of the six papers 
presented coming from laboratories in dif- 
ferent countries. J. H. LAwRence (U.S.A.) 
reported studies on red cell production and 
the efforts of the California group to elucidate 
the site of production of one or more erythro- 
poietic factors. In an attempt to establish 
the role of the kidney in this context they 
used parabiotic rats, one member of the 
pair having been nephrectonized. 

A. A. H. KassENAAR (Netherlands) pro- 
duced evidence that the rate of incorporation 
of glycine by the duck red cell into haem 
proceeds at a different rate from that into 
globin. These results differ from those ob- 
tained by other workers using mammalian 
reticulocytes. A method for the isolation and 
in vitro cultivation of normal human cir- 
culatory leucocytes was described by K. 
ZAKRZEWSKI (Poland). The numbers of cells 
capable of phagocytosis, their rate of glucose 
consumption and the level of intracellular 
ester phosphate, all declined with the same 
half-life of 36 hr. 


Nucleic acids 

In the session on nucleic acids we heard 
A. R. CratHorn (U.K.) describe studies 
made on the activity of various particulate 
and other fractions obtained from B. me- 
gatherium. He was led to conclude that the 
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DNA-rich “nucleoids” are in fact represen- 
tative of structures present in the intact cell. 

A preliminary account was given by B. S. 
ScHwEIGERT (U.S.A.) of a study still in pro- 
gress on the incorporation of cytidine into 
ribonucleic and deoxribonucleic acids by 
control and B12-deficient rats. Some useful 
information should result from this, and 
from allied work with lactobacilli, on the 
function of this vitamin in enzyme systems. 


Protein and amino-acid metabolism 


J. C. Dreyrus (France), in the session on 
protein and amino-acid metabolism, pre- 
sented further evidence showing that the 
phrase “dynamic state of body constituents” 
must be carefully interpreted. He showed 
that myosin molecules did not exchange Cl4 
with extra myofibrillar sources of amino acid. 
The life of the myofibrils themselves was 
about 35 days. Aldolase isolated from muscle 
behaved according to the classic concept of 
the dynamic state exchanging with a half- 
life of about 15 days. 


Metabolism in brain and nervous system. Carbo- 
hydrate metabolism 


No less than four papers were presented 
by Russian authors on different aspects of 
brain metabolism. A. V. PALLADIN, using 
methionine S*, showed that isotopic ex- 
change was more rapid with the proteins of 
the cerebral cortex than with those of the 
white matter. (Relative activities 34-5 and 
22-6 respectively.) Much less exchange (5-6) 
was observed in the peripheral nerves. 
Nucleic acids, phosphoproteins and phospho- 
lipides were also shown to be more rapidly 
metabolized in the cerebral grey matter. 

G. E. Viaprmirov, presenting both his 
own paper and that of M. I. PRokHoROvA 
and Z. N. Tuprkova, gave details of the 
changes occurring in rat brain metabolism in 
different functional states. Excitation of the 
brain by electrical stimulation of the skin of 
the extremities caused little increase in the 
rate of amino acid renewal, but chemical 
stimulation, injection of caffeine, markedly 
increased the metabolic turnover of glycogen, 
especially degradation processes. 

The normal rate of turnover of brain 


glycogen was shown to be ten times that of 
muscle glycogen and 50-100 times that of 
the lipides of the brain. In a narcotic state, 
protein and glycogen turnover was markedly 
reduced, and the authors were led to con- 
clude “‘since the normal functional state of 
the brain is characterized by a high energy 
expenditure, long application of narcotics 
cannot be harmless for the central nervous 
system”. 

E. M. Kreps had used P*® to trace the 
development of oxidative phosphorylation in 
vertebrate evolution. In fishes, the turnover 
rate of the high-energy phosphate in ATP 
was very low (2-3 uwmol. P/grain of brain/hr) 
and only slightly higher in amphibia (4-6 
umol.). In reptiles, represented by the turtle, 
it had risen to 14 wmol. This although 
measurements with all three species were 
made at 20°C. Mammals had a turnover 
rate of 40-60 ywmol/g/hr, but this further 
rise above the reptiles he attributed largely 
to the higher body temperatures. The in vivo 
phosphorylation quotient of brain also in- 
creases as one progresses up the phylogenetic 
scale, but the reported values were always 
markedly below those to be obtained with 
isolated cerebral tissue. This supports the 
assumption that in the normal resting brain 
of warm-blooded animals, not all oxidation 
is associated with phosphorylation. 

The biochemical function of vitamin A 
was the subject of a paper presented by 
G. Wotr (U.S.A.). He showed that an 
impairment of glucogenesis could be detected 
within 2 weeks of placing rats on a deficient 
diet, and concluded that vitamin A defi- 
ciency destroys the ability of the adrenal 
cortex to produce gluco-corticoid hormones. 


Clinical physiology. Reproduction 

In the session on clinical physiology and 
reproduction we heard R. Moricarp 
(France) describe experiments stressing the 
importance of sulphur-containing compounds 
to the metabolism of the mammalian em- 
bryonic egg during fertilization and the early 
stages of segmentation. S. Larsson (Sweden) 
presented some interesting evidence for the 
existence of both satiety and appetite centres 
in the “feeding centre” in the hypothalamus. 
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Mineral metabolism. I and II 


There were two sessions devoted to papers 
on mineral metabolism in micro-organisms 
and mammals. R. D. Gattsova (U.S.S.R.) 
had studied the influence of vitamins on the 
uptake of labelled sulphate or phosphate 
from a culture medium by yeast cells 
(Saccharomyces ludwigii). It is possible to use 
this technique quantitatively as a method for 
vitamin assay. 

Mrs. J. E. Rosson (U.K.) reported on the 
changes taking place in the sulphur content 
of the cell wall and protoplasm of FE. Ashbyit 
and other fungi and their relationship to 
growth. 

The ability of the kidney to distinguish 
between injected phosphate and that already 
present in the plasma and some efforts to use 
chromatographic techniques for the identi- 
fication of these different forms of phosphate 
in the plasma were discussed by I. GovAERTs 
(Belgium). The behaviour of potassium in 
the tubules of the kidney were described by 
E. Moret (France). His results were con- 
sistent with the view that the movement of 
potassium between the cells and the inter- 
stitial fluids is passive. 


Fission product metabolism in soils, plants and 
mammals 


In the session on fission product meta- 
bolism the first two papers, V. M. Kiecu- 
Kovsky (U.S.S.R.) and R. Scorr-Russei 
(U.K.) both discussed the behaviour of cal- 
cium and strontium in soils. The latter 
author emphasized that on certain soils, 
notably those containing adequate calcium, 
the further application of lime in agricul- 
turally practicable quantities may not miti- 
gate the absorption of strontium by plants. 

The over-all discrimination between stron- 
tium and calcium by man and other animal 
species was the subject of the paper by C. L. 
Comar (U.S.A.). The strontium-to-calcium 
ratio of cows’ milk was found to be only 
0-09 to 0-14 of that in the fodder. In his 
paper, L. J. Mrippiteron (U.K.) reported 
studies on the recovery of certain fission 
products from the milk of cows which had 
been fed with these isotopes. 


Methods and techniques. II. Biological 


Of the widest general interest was the 
plenary session devoted to new methods and 
techniques of using radioisotopes in biolo- 
gical problems. The papers illustrated once 
again the benefits to be obtained by close 
co-operation between workers in different 
scientific disciplines and the assistance they 
can give to each other in the solution of their 
problems. 

S. Rowtanps (U.K.) described an in- 
genious apparatus which enables I'*! and 
P®2 circulating in the blood stream to be 
counted simultaneously. It can be modified 
for use with other pairs of isotopes and in the 
study of other kinds of dynamic fluid systems. 

M. TeEr-Pocosstan (U.S.A.) had used the 
radioisotope O} for the determination of the 
oxygen content of malignant neoplasms. ‘The 
isotope has a half-life of only 2-2 min, so its 
use is somewhat limited. 

The possible scope for the use of isotopi- 
cally labelled microscopic stains was indi- 
cated in the paper by D. SHucar (Poland). 
He dealt mainly with Gram staining tech- 
niques and gave further evidence in support 
of the permeability theory of this reaction. 

G. V. Tapiin (U.S.A.) described the use 
of labelled materials in the clinical study of 
liver and kidney function. Using external 
counters, it should be possible to avoid some 
of the more painful types of examination of 
the functions of these organs. 


Nutrient assimilation in plants. Translocation in 
plants 

The problems of agricultural development 
in cold climates were illustrated in the paper 
by Z. I. ZHurpirzxy and D. V. SHTRAUSBERG 
(U.S.S.R.) (presented by V. M. Kiecu- 
KOvskY). They showed the beneficial effect 
of maintaining an adequate soil temperature. 
For example, a drop in soil temperature 
from 18°—20°C to 6—7°C halved the assimi- 
lation of labelled phosphorus by oats, where- 
as uptake was hardly affected by a similar 
drop in air temperature. Furthermore, at 
lower temperatures, foliar nutrition gives 
better results than soil fertilization. 

The importance of the foliage in plant 
nutrition was emphasized in the paper of 
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H. B. Tukey (U.S.A.), which stimulated 
much discussion. He showed that root- 
absorbed nutrients could be leached in 
various degrees from the foliage, either by 
spraying or by soaking in aqueous solutions. 
Over a 24 hr period it was possible to leach 
more than 10 per cent of the sodium and 
manganese originally present in the leaves 
of bean (Phaseolus vulgaris) and squash 
(Cucurbita pepo). Less than | per cent of the 
chloride or phosphorus could be removed in 
this way. In experiments with Ca‘? the loss 
from older leaves was consistently greater 
than that from younger leaves, of squash 
plants. Some of the practical applications 
of these findings were pointed out, particu- 
larly with reference to the effects of prolonged 
rainfall on plant health. 


Photosynthesis 


In the session on photosynthesis, A. MoysE 
(France) demonstrated the rapid fixation of 
CO, in light conditions and its distribution 
between the carboxylic and amino acids. 
The oxidation of the acids in the citric acid 
cycle and the related formation of amino 
acids was much more rapid in the light than 
in the dark. 

A. A. SHy Lk (U.S.S.R.) showed that the 
half-lives of chlorophyll and of individual pro- 
teins in the leaves of young barley plants 
were in the range of 30-80 hr. In the case 
of mature tobacco plant leaves, however, 
the half-life was about 13 days. Chlorophyll 
a and b were shown to have common pre- 
cursors, and as a working hypothesis it was 
suggested that chlorophyll a was a precursor 
of b. Apparently the molecules are com- 
pletely resynthesized and not renewed piece- 
meal. 


Plant biosynthesis and metabolism 


A. A. Benson (U.S.A.), speaking in the 
session on plant biosynthesis, reported the 
identification of « «’-diglycerophosphate in 
plant extracts. It may be present in as high 
a concentration as 10-? M and probably 
plays an important part in fatty acid 
synthesis. 

G. V. Suxnov (U.S.S.R.), reporting the 
use of C14 for a study of terpene biosynthesis, 


discussed particularly the importance of a 
knowledge of the kinetics of isotope uptake 
for the proper and unambiguous interpre- 
tation of metabolic data. 

L. Oropin (Israel) discussed some of the 
effects of water stress on plant growth: one 
of the central problems where irrigation is 
used. Increased osmotic pressure reduced 
the incorporation of glucose C" into cellulose, 
but had less effect on its incorporation into 
non-cellulosic polysaccharides. This reduced 
synthesis of cellulose leads to smaller growth. 


Productivity of oceans and lakes 


The final session of the Conference was 
devoted to the productivity of oceans and 
lakes. The breakdown of organic matter and 
its resynthesis by phytoplankton and other 
organisms was studied using C™ by J. I. 
Sorockin (U.S.S.R.). The nutritional re- 
lationship between algae, bacteria and zoo- 
logical organisms should also be revealed by 
the use of this isotope. 

A. D. Haster brought out clearly the 
waste of dissolved phosphorus which occurs 
in lakes. These and other nutrients tend to 
accumulate in the mud and bottom waters 
and without some form of artificial circu- 
lation are unavailable for vegetable life in 
the surface layers. Aeration was found to be 
an effective means for moving phosphorus 
from the bottom layers to the surface. 


Production of radvoisotopes 


Radioisotopes are now required for many 
varied uses in scientific research and industry. 
V. V. BorcuKarev (U.S.S.R.) described two 
interesting methods of preparing radioactive 
sources. One method for low-activity pre- 
parations is based on the “‘filling”’ of oxide 
films on aluminium and its alloys with 
chemical reagents containing the required 
radioisotope. A second method is more 
suitable for sources of high intensity. Here 
the radioisotope is incorporated in a glass- 
like enamel consisting of a mixture of inor- 
ganic oxides fused into glass which is then 
heat-treated and poured into water. This 
enamel is then coated on to a metal support. 
An intensity of 1 c/cm? is claimed using this 
method. 
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M. L. Smiru (U.K.) described the use of 
the new electromagnetic separator at Harwell 
which has been developed for the separation 
of the transuranic isotopes, although it may 
also be adapted to f- and y-active isotopes. 

The great interest in Cs!8” for large radia- 
tion sources was reflected in two papers by 
A. Racensass (France) and K. SADDINGTON 
(U.K.), discussing similar methods of extract- 
ing this radioisotope from fission product 
solutions. The latter author also described 
work on the separation of Np*8? in gram 
quantities. 

C. E. (U.K.) presented cross- 
sections for a number of (n,p) and (n,x) 
reactions on elements ranging from titanium 
to thallium. 


Metallurgy 


This session showed the role played by 
radioisotopes in the study of metallurgical 
processes. R. Wusarowsr (Poland) has in- 
vestigated the distribution of non-metallic 
inclusions in the casting of steel ingots, using 
Fe®®, Autoradiography and measurement 
of radiation intensity has shown that the 
non-metallic inclusions remained mostly in 
the body of the ingot remaining after dis- 
carding crops. The radioactive inclusions in 
the fractures of blooms were shown to be in 
a zone up to 7 mm below the surface. The 
author concludes that endogenous non- 
metallic inclusions originating from the pro- 
cess of steel deoxidation are responsible for 
the defects in finished products and that 
these would be reduced by using fireclay 
material of low refractoriness. 

G. W. Rose (U.K.) reported on the effect 
of surface conditions on the wear of tungsten 
carbide labelled with radiotungsten. For 
example, the residue left by ammoniacal 
etching resulted in increased wear, whereas 
after aqueous hydrochloric acid the wear 
was decreased. 


Organic chemistry 


Radioisotopes are extremely useful in 
organic chemistry for the elucidation of 
reaction mechanisms. This was well illus- 
trated in the paper presented by F. WEYGAND 
(Germany) describing the use of tritium in 
a study of the Hofman degradation of 


5 


quaternary ammonium bases. These bases 
were labelled with tritium on the «- or 
f-carbon atom and subsequent analysis of 
the degradation products showed that there 
are two competing mechanisms: a /-elimi- 
nation of a proton and an «/-elimination 
with the formation of an intermediate with 
a semi-polar C-N bond. Exchange experi- 
ments showed that above 100°C the quater- 
nary ammonium base in aqueous solution is 
in equilibrium with such an intermediate. 

C. J. Coxtuins (U.S.A.) used C™ for a 
study of the deamination of amino alcohols 
and postulated the formation of open car- 
bonium ion intermediates in which rotation 
about the C—C bond is not very fast com- 
pared with the rate of rearrangement of the 
groups about this bond. 

During the oxidation of hydrocarbons 
many oxygen-containing products are formed, 
and in order to work out the conditions for 
controlled oxidation, the sequence of for- 
mation of these products must be established. 
A. A. JouxHovirzxi (U.S.S.R.) gave an 
interesting account of the use of C-labelled 
compounds for determining the various 
stages in the formation of oxidation products 
of methane, propylene, butane and _ cyclo- 
hexane. A kinetic method is used in which 
a labelled product is introduced into the 
reaction mixture. The changes in its con- 
centration and specific activity at various 
times give the rates of formation and con- 
sumption of this product and so the extent 
to which it takes part in the reaction 
mechanism. 

The use of radioisotopes in studying the 
mechanism of catalytic processes was the 
subject of two other papers in this session. 
One described the use of C in the catalytic 
dehydrogenation of a butane—butene mix- 
ture over two different catalysts. The second 
concerned the study of the reaction by 
which hydrocarbons are formed by hydro- 
genation of carbon monoxide on a cobalt— 
thorium catalyst. 


Recoil chemistry 

In the Szilard—Chalmers process for the 
production of carrier-free radioisotopes, 
radiation decomposition invariably results in 
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dilution of the active atoms with stable atoms 
and consequently the enrichments achieved 
by irradiation in a reactor are not high. 
However, the energy of the recoil fragment 
may be large enough for it to replace other 
atoms in the molecules of the surrounding 
material. 

When the fragment is tritium or C4, an 
elegant method is available for synthesizing 
labelled organic compounds. A. P. WoLF 
(U.S.A.) has studied a variety of aliphatic, 
aromatic and heterocyclic compounds. The 
amount of C4 incorporated varies from 0-2 
per cent in a compound like alanine to 8 
per cent in acetic acid. Because of the 
complex mixture of products obtained, con- 
siderable effort is required to achieve radio- 
chemical purity. Also, the specific activities 
are not high but the technique can be most 
valuable where the normal preparative 
methods are not possible. 


Analytical chemistry 


The use of radioisotopes constantly finds 
new applications in analysis, where they 
facilitate numerous researches and lead to 
results which would be unobtainable without 
this new technique. 

The tracer use of radioisotopes was de- 
scribed by J. W. Irvine (U.S.A.) in the 
separation of niobium and tantalum com- 
plexes in aqueous solution by solvent ex- 
traction. For amylacetate, bis(2-chloroethy]) 
ether and methyl-isobutyl ketone, the dis- 
tribution ratio for niobium rises fairly 
markedly with increasing acidity. Using 
methyl-isobutyl ketone with 6-5 M HCl, a 
distribution factor of 53 is possible. 

J. Fucer (Belgium) has also used the 
tracer technique to work out quantitative 


chromatographic methods of separating the, 
alkali metals, the alkaline earths and the 


lanthanides. For example, the use of phenol 
equilibrated with water or 2 N HCI results 
in an excellent separation of rubidium and 
caesium on a small cellulose column. 

The paper by M. H. TELLEz-PLAscENCIA 
(France) was devoted to the measurement 
of the quantity and position of silver in 
photographic emulsions using the radio- 
isotopes of silver and other elements. 
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Radioisotopes have been employed for 
developing new organic co-precipitants. I. 
P. Aummarin (U.S.S.R.) spoke of co-precipi- 
tation methods for over thirty-five elements 
which had been worked out using radio- 
isotopes to determine precipitation yields and 
possible contamination by other elements. 

D. H. Perrson (U.K.) reviewed the use of 
y-ray spectrometry for the analysis of radio- 
isotopes. The two-crystal Compton spectro- 
meter has been operated with a multi-channel 
pulse-amplitude analyser which has _per- 
mitted the measurement of radioisotopes 
with shorter half-lives and lower activities. 
Such a system can follow half-lives of 5 min 
or less and measure, for example, 15 107! 
of Cs!87, The measurement of low y-ray and 
X-ray energies was described, using a gas- 
filled proportional counter which has a 
superior resolving power to that of a scin- 
tillation counter in this region. Reasonable 
efficiency of detection of y- and X-radiation 
up to 100 keV may be achieved using xenon 
at 1 atm pressure. 


Physical chemistry 


A number of papers dealt with the use of 
radioisotopes in studying exchange processes 
in such diverse systems as solutions of 
uranium, cobalt, iron and lanthanide ions. 
The paper by R. H. Berrs (Canada) des- 
cribed a radiochemical study of the kinetics 
of the isotopic exchange reactions between 
the lanthanide ion and the lanthanide 
E.D.T.A. complex ion. Two cross-exchange 
reactions between different lanthanides are 
also discussed. The author shows that the 
rate of dissociation of these complex ions 
varies inversely with the stability of the 
complex. As for the cross-exchange reactions, 
the rate of approach to equilibrium is 
predictable from the kinetics and mecha- 
nism of the two dissociation reactions con- 
cerned. 

V. I. Sprrzin (U.S.S.R.) has used radio- 
isotopes to investigate the mechanism of the 
formation and decomposition reactions of 
heteropoly compounds, the relative stability 
of their anions and the relationship between 
the aquopoly and heteropoly compounds. 
It has been shown that the addenda of the 
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inner sphere in the anions of the heteropoly 
compounds are sufficiently mobile for an 
isotopic and ionic exchange to occur, as for 
example between molybdenosilicic acid and 
sodium phosphotungstate. 

The increasing use of radiation for medical 
and industrial research necessitates the de- 
velopment of robust dosimeters. Such dosi- 
meters have been prepared by G. V. Tapiin 
(U.S.A.) for the measurement of y-rays and 
fast neutrons. They are based on chlorinated 
hydrocarbons and pH indicator dyes. Two 
main types were described: the single-phase 
dosimeter where the hydrocarbon is added 
to the aqueous dye to the point of saturation, 
and the two-phase one where the dye is 
layered over the hydrocarbon in a sealed 
glass ampoule. Exposure to radiation re- 
leases aqueous acid, the amount of which is 
registered by the indicator dye. The radia- 
tion dose may then be determined by pH 
measurement or photoelectric colorimetry. 

J. J. Pomr (Belgium) has studied the 
diffusion of solvents in crystalline high poly- 
mers and has shown that in a bundle of 
parallel spherulitic fibres the transverse 
diffusion coefficient is smaller than the 
longitudinal diffusion coefficient. 

Tritiated water has been used by E. E. 
Finkxet (U.S.S.R.) for measuring the coef- 
ficients of aqueous vapour diffusion through 
a number of plastics. This method is very 
sensitive and eliminates the main deficiencies 
of other methods. 


Dosimetry 

P. Le Crerc (France) described detailed 
experiments on the feasibility of using a 
cobalt glass as an industrial dosimeter. The 
effects on the optical density of total dose, 
dose-rates, storage times, irradiation and 
storage temperature and heat treatment were 
investigated and it was concluded that an 
accuracy better than 10 per cent could be 
obtained in dosage measurements in the 
range 104 to 10® rep. This compares 
favourably with the accuracy achieved by 
other methods. 

In £- and y-dosimetry, using conventional 
ionization chamber and counting methods, 
an accurate knowledge of the energy spectra 


is essential. Some valuable experiments on 
measurements of primary beta and secondary 
electron spectra were described by K. K. 
AcuintsEv (U.S.S.R.). $-spectra from dif- 
ferent sources of various shapes were mea- 
sured, using a 13 mm radius stilbene crystal 
and a scintillation spectrometer. The spectra 
of secondary electrons originating in various 
absorbers and in material simulating de- 
tector walls were measured, using a 270° 
magnetic spectrometer. This data is being 
used to calibrate conventional detectors. 


Design and use of strong sources 

The promising prospects of utilizing on an 
industrial scale the effects of radiation on 
materials is leading to extensive investi- 
gations. V. L. Karpov (U.S.S.R.) described 
the construction and design of facilities for 
radiation research utilizing a Co® source 
with an activity of 21,000 g equivalent of 
radium and providing a dose rate of 1000 
r/sec, in a volume of 0-4 1. Versatile ir- 
radiation facilities for samples up to 2 ft 
cube at a wide variety of temperatures and 
pressures using Ke sources of Co® were 
described by D. Dove (U.K.) A feature of 
this design is the achievement of a variable 
source geometry. 


Physics of metals 

The techniques used in all the work 
described in this session consist basically of 
labelling impurities and other constituents 
of alloys and metals with radioactive isotopes 
of these constituents and then following them 
through various metallurgical processes by 
means of suitable detectors. 

Important information has been obtained, 
especially on the mobility of atoms and ions 
(both under various temperature conditions 
and under the influence of electric fields), 
diffusion coefficients and location of im- 
purities. 

These data are of special importance, for 
example, in the production of heat- 
resistant alloys which play such an impor- 
tant role in modern engineering. 


Industrial applications 
The most direct application described was 
the use of radioisotopes for measuring the 
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play of the rotor blades in a steam turbine. 
This method, presented by J. FAVEREAU 
(France), used a collimated beam of y- 
radiation from a source of Ir!*% and a 
Geiger—Miiller counter, mounted on op- 
posite ends of a very short chord traversing 
the cylinder containing the rotor. The out- 
put of the detector was fed to a chart 
recorder, which registered the decrease in 
counting rate caused by the gradual trans- 
verse movement of the rotor blades. An 
accuracy of +5 per cent was obtained for 
movements of 0-2 mm. 

The paper presented by O. S. BoGDANov 
(U.S.S.R.) on the tracing of modifying agents 
in flotation processes was in a field on which 
little work has so far been done, but which 
might have important future applications. 


Solid-state physics 

The papers presented by V. S. Vavitov 
(U.S.S.R.) described the structural defects 
produced in germanium monocrystals by 
f-particles and fast neutrons and the deter- 
mination of the mean energy required to 
produce an electron-hole pair. This work 
gives a better understanding of the structure 
of semi-conductors and bears directly on the 
important possibility of the direct conversion 
of radiant energy into electrical energy. 

Radioactive tracer applications were de- 
scribed by several authors for investigating 
ion mobility, the mechanisms of diffusion, 
the thermodynamics of reactions, and the 
interaction of impurities with the metal sol- 
vent. These give excellent illustrations of 
the simplifications in such measurements 
introduced by the radioisotope techniques. 


Methods and techniques 


These subjects attracted the largest audi- 
ence of the Conference and, of this, the 
bigger fraction was interested mainly in 
the scintillation counting techniques applied 
to the low-energy /-emitters tritium (H%), 
C™ and S*®. H. H. Sexicer (U.S.A.), in 
his work on the variations of phototube 
noise as a function of temperature, obtained 
a reduction by a factor of 7 upon reducing 
the temperature from room temperature to 
—10°C. He also showed that oxygen- 
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quenching occurs mainly in the solute and 
that the light output from the scintillator 
increases with decreasing temperature. 

A simple, single-channel, liquid scintil- 
lation counter for measuring tritium and C!4 
with efficiencies of about 10 per cent and 50 
per cent and with backgrounds of 10 
counts/sec and 2 counts/sec respectively was 
described by C. P. Haicu (U.K.). This was 
achieved by careful selection of the photo- 
multiplier tube and cooling to —20°C. The 
versatility of the scintillation counting tech- 
nique was illustrated by E. Scuram (Belgium), 
who used a large-area plastic scintillator for 
continuous measurements of the S*® content 
in chromatographic effluent, and by J. C. 
Roucayrot (Sarre), who measured the S* 
and C" activity of filter papers by immersing 
it in a liquid scintillator. 

N. A. Perritov (U.S.S.R.) described some 
very interesting work on the development of 
fine-grain emulsions for the photographic 
method of detecting radiation. Microcrys- 
tals of 0-04 to 0-08 mw were used instead of 
the normal 0-1 to 0-5 w size. These emul- 
sions give increased resolution which facili- 
tates the determination of the type of par- 
ticle, the angles between tracks and con- 
siderably reduces the background. 


Geophysics 

Following a description of the discovery of 
the long-lived isomer (2 = 9 . 10-1 y~) 
belonging to the odd-N-—odd-Z group of 
nuclides, E. K. Geruinc (U.S.S.R.) de- 
scribed investigations into the argon—potas- 
sium method of age determination. The 
most reliable data were obtained with micas 
and were comparable with the uranium— 
lead method. 

T. P. Konman (U.S.A.) discussed the 
radioisotope produced in meteorites as a 
result of cosmic-ray bombardment during 
flight and showed how they could give 
valuable information on the pre-fall and 
post-fall histories of meteorites and on the 
past intensity of cosmic radiations. One of 
the most significant observations was that 
some of the Tektites (glass-like substances of 
unknown origin found in the Libyan and 
Australian deserts) are meteoric in origin. 
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The work of L. Marquez (Brazil) showed 
the existence of the isotope Na®’, produced in 
the atmosphere by cosmic-ray bombardment 
and present in fresh rain-water at a concen- 
tration of 0-017 disintegrations/min per litre. 

A good illustration of the proverb “‘it’s an 
ill wind that blows nobody good” was given 
by W. F. Lippy (U.S.A.), who used tritium 
formed during the explosion of a thermo- 
nuclear device to study such phenomena as 
the residence time of water in the upper 
atmosphere (half-life ~40 days). He showed 
that it was possible to measure water cir- 
culation patterns by comparing the tritium 
content of ocean water with that of rain and 
surface water. In some areas the water 
issuing from wells was found to be more 
than 50 years old. 

D. B. Smith described an absorption tech- 
nique for surface-labelling sand and pebbles 
with Bal°-La™. ‘Tracing this labelled sand 
with Geiger—Miiller and scintillation coun- 
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ters has given completely new and valuable 
information on the movement of silt on river 
beds and also on beach movement. 


Parity problems on physics 

The outstanding feature of this session 
was a very elegant exposition by C. S. Wu 
(U.S.A.) of the concept of parity and of the 
experiments by herself and her colleagues 
on the asymmetry of the f-angular distri- 
bution from polarized Co nuclei, which 
proved the postulates of Lez and Yanc that 
parity may not be conserved in weak inter- 
actions. Further papers presented by R. 
Davis (U.S.A.), Viapimirsky (U.S.S.R.) 
(for A. I. AtrkHANov), P. E. CAvANAH 
(U.K.), M. Derutsco (U.S.A.) and A. 
Lunpsy (C.E.R.N.) described the different 
methods (essentially simple, but requiring 
very careful experimental techniques) used 
in obtaining further proof of non-invariance 
of parity operation. 
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A Tracer Technique Used in Alcohol 
Extraction of Petroleum Sulphonate 
from Oil 


IN a certain stage of an oil refining process used by 
J. O. Buchanan & Co. Ltd., oleum is mixed with a 
light mineral oil, a quantity of which reacts to form 
Petroleum Sulphonates of the average formula RSO,H 
where R is an aromatic nucleus M.W. approx. 300. 
The acid is neutralized by NaOH later in the process, 
and the resultant sodium sulphonate must then be 
removed from the oil. This may be done by mixing 
the oil with dilute isopropyl alcohol, and then sepa- 
rating the oil and alcohol phases in a separation 
column. The aqueous sodium sulphonate tends to 
go with the alcohol phase, and so may be removed 
from the oil. 

In the autumn of 1955 a new plant was being 
planned, and the opportunity was taken to consider 
in detail the optimum economic amount of alcohol 
to add to the oil to achieve removal of the NaSO,R—. 
It is clear that to make this study many samples with 
differing alcohol proportions should be taken and, 
after separation of the phases, the amounts of 
NaSO,R— extracted into the alcohol and remaining 
in the oil measured. A chemical quantitative analysis 
of a large number of such samples is a very lengthy 
process, particularly in a case like this where the 
accuracy of the experiment as a whole depends on 
the accurate measurement of the small amount (0-2 
per cent) of sulphonate left in the oil. 

The suggestion was therefore made that the 
NaSO,R— should be tagged by a radioactive isotope, 
and the analysis carried out by radiochemical means. 
Of the three available elements in this compound, 
only Na and S have radio-isotopes with sufficiently 
long half-lives. S°° has an 87 day half-life, but on 
the other hand the maximum energy of the f-rays 
it emits is only 0-166 MeV, and for such an energy 
self-absorption would be so high that only thin 
specimens could be used. However Na** has a 
sufficiently long half-life (15 hr), and an energetic 
B-ray (1-4 MeV), and is readily available from 
A.E.R.E. Harwell in the convenient chemical form 
of Na,CO3. 

Experimental 

As end-window Geiger counters (G.E.C. type GM4) 

with conventional electronics (Dynatron Radio) 


were immediately available, use was made of these 
in the experiments. Cylindrical copper vessels were 
made to hold the liquid samples. The outer diameter 
of these vessels was made equal to the outer diameter 
of the Geiger tube windows, so that the tubes could 
be easily located with respect to the samples. Under 
the experimental conditions, the depth of each sample 
was such that the liquid was of infinite thickness to 
B-rays of 1-4 MeV. 

An estimate was made of the required activity of 
the Na*4, based on rough calculations of the volume 
of the thick sample, the geometric and _ intrinsic 
efficiencies of the counting system, the probable 
sulphonate separation factor, and on a decision to 
ensure that the counting rate from the weakest 
specimen should be at least ten times the natural 
background so that the counting times could be kept 
short. Moreover, allowance had to be made for the 
radioactive decay in the time needed for transport 
and chemical operation. On the basis of this cal- 
culation } mc of Na*4 was obtained for each litre of 
oil-alcohol mixture. Such a low f-activity meant that 
no special precautions had to be taken after the active 
material was mixed with the other chemicals. 

Before neutralization of the acidified oil, the radio- 
active Na,CO, was thoroughly mixed with the 
caustic soda used as the neutralizer. The radioactive 
sodium sulphonate subsequently formed by the action 
of the acid on the carbonate is chemically indistin- 
guishable from that produced from the NaOH. After 
neutralization, the oil-sulphonate mixture was split 
into 10 samples and varying proportions of alcohol 
added to each. Then for each sample a separation 
was performed, leaving the alcohol phase, or extract, 
with most of the aqueous sulphonate and the oil 
relatively free of contamination. The samples were 
then ready for analysis. 

The main experiment, the counting of 10 extract 
samples and the corresponding 10 oil samples, took a 
total time of about | hr. Even with such a short 
counting time, the activity of the weakest specimen 
was measured with a statistical error of less than 4 
per cent. When the result for this specimen was 
combined with the result of the counting of the corre- 
sponding extract sample, a figure for the percentage 
of the sodium sulphonate remaining in the oil of 
0:70 + 0-03 per cent was obtained. 

The results of this work have been utilized in the 
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planning of one stage of the full scale refining plant, 
and have been subsequently checked by routine 
measurements using conventional chemical means. 


Economics of the technique 

Chemical processing of the samples occupied half 
a day, and, as stated above, the main counting took 
Ihr. To this 1 hr must be added a few hours spent 
in determining dead time losses, preliminary experi- 
ments and the like. 

The total cost of the materials used in the experi- 
ment, including air transport of the Na*4 from 
Harwell, was £10. Counting facilities were made 
available at Glasgow University, to whom our thanks 
are due. 

This small outlay of time and money should be 
compared with the corresponding time that would 
have been spent to obtain the same results using 
conventional analytical means—an estimated 80 
man-days. It will be seen that not only is the tracer 
technique sensitive and rapid but also, in this applica- 
tion at least, extremely economical. 


Dept. of Natural Philosophy 
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Solid Sources for Measuring the Radio- 
activity of S*® 


(Received 18 November 1957) 


ATTEMPTS to make accurate and_ reproducible 
radiometric assays with low energy /-emitters, e.g. 
Cl, §35, H3, are made difficult by a number of 
factors. 1-2-3) 

Chief amongst these are: 

(1) Large self-absorption losses which are hard 
to correct for accurately ; 

(2) The non-uniform spreading of samples on 
the mount; 

(3) In some cases, the mechanical fragility of 
the samples. 

The technique of using ‘‘infinitely thick’’ samples 
circumvents some of these problems. Experience 
has shown that most of the errors in counting thick 
samples of soft f-emitters stem from 

(1) The irregular surface area presented to the 
counter (thus enhancing scattering effects) ; 

(2) The irregular edges produced in making the 
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tablet of active material; these are caused by 
precipitate creeping up the walls of the confining 
vessel. 

The method described here eliminates these 
effects by shielding out these uncontrollable variations, 
and thus presents to the counter that part of the 
surface which favours good reproducibility. The 
following simple technique was found to give 
excellent precision with infinitely thick samples 
of BaS*°O,, and provides robust samples which are 
easily handled. It is believed that this procedure 
can be applied to other soft f-emitters as well. 

Dried barium sulphate is weighed directly into 
a stainless steel } x lin. dia. cupped planchet. 
Water is added until the planchet is about half 
full (about 1-5 ml), and the precipitate is uniformly 
dispersed in the water by grinding thoroughly 
with a glass rod having a flattened end. The planchet 
is then placed on a levelled plate, a few random 
stirring motions are made with the glass rod, the 
rod is touched to the side of the planchet to drain 
off most of the slurry into the dish, and then the 
rod is withdrawn. No attempt should be made 
to wash into the dish the small amount of barium 
sulphate clinging to the rod, as this will disturb 
the even layer of precipitate which settles out on 
the bottom of the planchet. Likewise, no circular 
motion should be imparted to the slurry prior to 
removing the stirrer, as this will result in a cone- 
shape deposit with most of the precipitate concen- 
trating in the centre and leaving the edges thin. 
The water is evaporated slowly (overnight) by 
means of a 250 W infra-red lamp mounted about 
2 ft above the samples on the levelled plate. (Attempts 
to speed up the evaporation process leads to the 
formation of many small craters or pin-holes on 
the surface of the precipitate.) The following 
morning the samples will appear quite dry, and have 
a smooth, dense and coherent surface. For best 
results, drying in an oven at 110° for an hour to 
ensure complete removal of water, followed by 
storage in a desiccator is recommended. 

To shield the counter from any small amounts 
of active material that have crept up the sides of 
the planchets, a flanged annular ring of stainless 
steel (Fig. lc, d) is fitted into the planchet. The 
ring is about 3 x 10-3in. smaller than the inside 
diameter of the planchet, giving a close but not 
a tight fit, and extends to within a millimetre of 
the surface of the precipitate. The ring can be 
easily decontaminated in less than | min by washing 
in detergent and wiping dry. 

Any small residual errors due to surface texture 
may be further minimized simply by re-slurrying 
the precipitate and recounting. The loss in each 
cycle is 1-2 mg, and a sufficient weight of active 
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material should be taken initially to provide an 
adequate safety margin above “infinite thickness’, 
which is about 13 mg/cm? for barium sulphate. 
Numerous samples were prepared using the 
method described with a reproducibility of 0-5 per 
cent. A few samples have been re-slurried up to 
six times with equally good results. It may be noted 


Fic. 1. 

(a) Stainless steel cupped planchet (Tracerlab Inc.), 
1 in. o.d. x 0-25 in. high. 

‘b) Precipitate of active material. 

(c) Stainless steel annular ring. The bottom of the 
ring is bevelled. In position on the planchet, the 
bottom of the ring is about 1 mm above the top 
of the precipitate. 

(d) A flange on the ring which extends well past the 
edge of the planchet. The whole ring is polished 
for ease of cleaning. 


however, that the removal of small amounts of 
precipitate with every such operation produces 
a slight change of geometry which is most noticeable 
when the sample is close to the counter window. 
With the precipitate surface 2 cm from the window, 
the counting rate changed by 0-2 per cent for a 
variation of 4 mg/cm? of the superficial density. 

A few sulphur analyses were made using the 
isotope dilution technique on samples of ammonium 
lignin sulphonates by adding known amounts of 
active sulphuric acid, oxidizing the organic material 
with nitric and perchloric acids, and counting 
the precipitated barium sulphate by the method 
outlined. These results are compared against the 
standard gravimetric analysis (Table 1). Triplicate 
determinations were made by both methods for 
each sample and the table shows the mean values 


Taste 1. Comparison of gravimetric and isotope 
dilution methods for the analysis of sulphur 


Per cent sulphur 


Isotope 


dilution Gravimetric 


7:36 
6-88 
7-01 
6-94 
5-91 


obtained. Assuming the gravimetric figures to be 
correct, samples 3 and 5 show a deviation of 0-7 
per cent while the remaining three are 0-3 per cent 
or less, the average for all samples being 0-4 per cent. 


Physical Chemistry Division A. REZANOWICH 
Pulp and Paper Research 

Institute of Canada 

Montreal, Quebec 
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The Purification and Deposition of Irradi- 
ated Platinum by Preferential Distillation 


(Received 15 November 1957) 


Tue use of radioactive tracers in the study of metals 
is frequently complicated by the presence of un- 
desirable impurities in the form of radioactive 
daughter decay products. Although the atomic 
percentage of these impurities is extremely small, 
they can, nevertheless, make a very appreciable 
contribution to the total activity of the irradiated 
sample. 

During some recent measurements of self-diffusion 
in platinum,” a simple and rapid technique was 
devised for the purification and deposition of a thin 
layer of radioactive platinum on the diffusion 
sample. Since this technique may be of value in 
other studies, it was thought worthwhile to describe 
the results in this note. 

The irradiation of platinum with pile neutrons 
produces five radioactive isotopes of platinum. 
Pt!*! and Pt! decay to stable isotopes of iridium, 
the isomeric state of Pt!%* decays to the ground state, 
and Pt!97 and Pt!9° decay as follows: 


Pt (ny) Au!9? stable (1) 
B 19 hr 


Pt!98 (ny) + Pt!99 Aul99 Hg!99 stable (2) 
B B 30min 3-15 days 


A sample of 99-999 per cent pure platinum foil was 
irradiated in a flux of 10! n/cm?sec for 3 days in 
NRX reactor, and permitted to cool for 48 hr. 
During this time the short lived activity of Pt'9? 
decayed to a negligible level, leaving the useful 


d 
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2 6-86 
3 | 7-06 
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longer lived activities to be investigated. The resulting 
y-ray spectrum of the foil was measured on a y-ray 
scintillation spectrometer and is shown in Fig. la. 
The 165 keV peak decayed with a half-life of 3-1 
days, suggesting it was due to the Au!%® daughter 
decay product. This conclusion was confirmed by 
chemically purifying the sample to remove the gold, 
mercury and iridium impurities.) The resulting 
y-ray spectrum is shown in Fig. lb. The remaining 
peak at 65 keV has been interpreted as X-radiation 


y ray spectrum of 
chemically purified 

t irradiated 
65,keV platinum 


‘spectrum 
oF irradiated 
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(a) 
\ 
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T T 
y ray spectrum of 
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| 

| 
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following internal conversion of some of the y-rays in 
platinum with a contribution from 77 keV y-rays of 
Pt!97,(3) The half-life of the 65 keV peak was measured 
over a period of 10 days and was found to be repro- 
ducible at a value of 3-7 days. While this half-life 
is probably a result of contributions from Pt!%!(t,;. = 
3-0 days), = 3-4 days), (¢,;. = 6-0 days) 
and Pt!9%? (¢,;. = 19 hr), it was felt that identification 
of platinum by this peak was justified. 

Although the chemical purification of the sample 
was thorough, it was time consuming and the plati- 
num was precipitated from solution in an incon- 
venient form. 


It was felt, however, that the large vapour-pressure 
difference between platinum and gold may make it 
possible to remove the gold by preferential distillation. 
A small piece of irradiated platinum foil was placed 
on a tungsten filament in an evacuated chamber. 
By passing a large current through the filament the 
platinum was melted and evaporated onto a disc 
placed above. The y-ray spectrum of the first 
evaporated material is shown in Fig. Ic. It is evident 
that the gold to platinum peak ratio is higher than 
usual, indicating that the gold was preferentially 
distilled. By continued evaporation a point was 
eventually reached at which all of the gold was 
removed. This stage is shown in Fig. Id which is the 
gamma ray spectrum of the evaporated layer deposited 
from a foil which had been previously heated for 
about 20sec. The agreement between Figs. 1b and 
ld indicates complete removal of the gold impurity. 
It should be noted that the preliminary 48 hr cooling 
period was long enough to ensure that essentially 
all of the Pt!% decayed to Au! before the Aul%% 
was removed. Thus there was no further production 
of active Au in the deposited Pt. The complete 
process of purification and deposition was accom- 
plished in 10-15 min. 


Atomic Energy of Canada Limited 
Chalk River 
Ontario, Canada 
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The Preparation and Estimation of 
Radioactive Carbon Tetrachloride 


(Received 25 November 1957) 


In order to carry out radiotracer studies on reaction 
mechanisms“) and on the action of extreme pressure 
lubricants,‘2) carbon tetrachloride labelled with 
chlorine-36 and of high specific activity had to be 
prepared. Maximum specific activity corresponding 
to that of the chlorine gas could be obtained from the 
reaction of chlorine with carbon disulphide, using 
ultra-violet light and other catalysts. 


CS, + 3Cl,* CCl,* + S,Cl,* 


However, preliminary experiments showed that 
labelled carbon tetrachloride prepared in this way 
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would be difficult to separate on the scale (0-5 ml) 
of our experiments. 

Another possibility, where the separation of carbon 
tetrachloride presents no probiem is the photochlori- 
nation of chloroform. This is merely an extension of 
the method used for the purification of carbon 
tetrachloride. 


CHCI, + Cl,* CCl,* + HCI* 


This would yield carbon tetrachloride having a 
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in this way. The chlorine and oxygen produced 
were swept from vessel A through two sulphuric acid 
drying vessels (B and C) by a stream of nitrogen. 
Chlorine was frozen out from the gas stream at trap 
D, the nitrogen and oxygen were allowed to escape 
(tap 3). After removal of the coolant from trap D, 
trap 3 was closed and tap 4 was opened. The 
chlorine was swept by the nitrogen stream into 
vessel E which contained chloroform. This vessel 
was sealed off and irradiated with ultra-violet light 


Fic. 1. Apparatus for the preparation of labelled carbon tetrachloride. 


specific activity of about one quarter of that produced 
by the carbon disulphide method. 

The preparation of labelled carbon tetrachloride 
of low specific activity by exchange of chlorine from 
aluminium chloride has been used in tracer studies") 
but the preparation of labelled aluminium chloride 
is laborious. 

Consequently, it was decided to develop the photo- 
chlorination of chloroform as a method of preparing 
labelled carbon tetrachloride. 

Estimations of radioactivity during this work were 
made with conventional geiger counting equipment 
specially adapted for use with small volumes of 
liquid. 

Experimental 


The preparation of labelled carbon tetrachloride 


The apparatus used is shown in Fig. 1. Chlorine 
was generated in vessel A by the oxidation of labelled 
2 N hydrochloric acid (supplied by the Radio- 
chemical Centre, Amersham) with an excess of 
potassium persulphate. Reaction was brought about 
by the addition of concentrated sulphuric acid 
(2-3 ml) and the application of heat. Vessels A, 
B and C have thin bases which permit assay of the 
contents by Geiger counter and ratemeter techniques. 
The efficiency of chlorine production was calculated 


of wavelength 3665 A. A convex lens was used to 
focus the incident beam upon the chloroform solution. 
The reaction of chlorine with chloroform was almost 
instantaneous. In later experiments, vessel E was 
continually irradiated whilst a steady flow of chlorine 
was passed into the vessel. This was continued until 
the persistence of chlorine in solution showed that 
reaction was complete. In these latter experiments 
the hydrogen chloride produced was absorbed in 
water contained in a vessel similar to E. The 
recovery was 98 per cent of the theoretical value. 

The carbon tetrachloride produced was distilled to 
remove chlorine etc. until its activity was constant 
(three distillations were usually sufficient) and the 
distillate was then shown by gas chromatography to 
be >99 per cent pure. The specific activity of the 
product was 20-2 wc/g compared with the theoretical 
maximum of 23-4 we/g. This high efficiency shows 
that the formation of carbonyl chloride (due to traces 
of oxygen present) and of hexachloroethane were not 
important. 


Counting techniques 

Chlorine-36 is a pure beta emitter of half-life 
3 x 10° years. The maximum beta particle energy 
is 0-64 MeV. The conventional type of annular 
liquid geiger counter has a glass wall of thickness 
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~25 mg/cm? surrounding the sensitive volume, 
and has a capacity of 10 ml. Exchange experi- 
ments for which the labelled carbon tetrachloride 
was needed were on a scale of 0-5 ml. The counting 
method adopted used a conventional geiger counter 
(Mullard MX 123) with a mica end window of 
thickness 2 mg/cm?. A standard lead castle in 
which this is housed was inverted (see Fig. 2). 
Specially made glass vessels can be placed directly 
on to the counter window or on an interposed 
sheet of thin aluminium foil (3 mg/cm?). These 


[Thin bottomed 
glass vessel 


+ 
(9) 

a 


Inverted 
lead castle 


Fic. 2. Counting system for small amounts of liquid. 


vessels are of 5 ml capacity with B.14 ground glass 


stoppers and have a flat thin base. Vessels with 
uniform bases 0-2 mm thick (44 mg/cm?) have 
proved to be robust and capable of long service. 
Absorption measurements using a Cl°6 source 
showed a half thickness for glass of 32 mg/cm?. 
Tests with an end window geiger counter which 
had suffered electrical breakdown showed that 
more than 50g of direct load could be sustained 
by the window. Experience has shown that repeated 


255 


placing of small loads on the end-window has had 
no effect over a period of one year. 

The volume of liquid required to form an infinite 
source when placed in a small counting vessel was 
found to be 0-5ml for dilute hydrochloric acid 
(0-17 M) and 0-3 ml for carbon tetrachloride. These 
volumes are in the inverse ratio of the densities. 
A small volume (0-1 ml) of labelled carbon tetra- 
chloride was placed in a stoppered vessel and the 
activity estimated over a period of time. It was 
found that | per cent/hr was the rate of loss of liquid. 
This was acceptable since a normal counting period 
was twenty minutes or less. 

Using 0-5 ml of labelled dilute hydrochloric acid 
of known specific activity it was found that a typical 
counting vessel provided a counting efficiency of 
3-6 per cent. Witha 10 ml sample an annular counter 
(MX124) proved to be 2:1 per cent efficient. With 
the small counting vessels dilution errors are avoided 
and the sample can be recovered. The back-ground 
counting rate of the inverted system was 17 counts/ 
min. 
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INTRODUCTION 


THE purpose of this report is to evaluate 
the potential contributions of atomic energy 
to agriculture and food production, and to 
indicate the programming requirements and 
priorities appropriate to the various applica- 
tions of atomic energy according to the 
economic situation and level of technological 
development existing various 
countries. Accordingly it has been prepared 
in the form of a general review of potential- 
ities, with the aim of providing a basis for 
policy decisions that will have to be taken 
by food and agricultural administrations, 
for use especially in countries that have so 
far had only limited experience in atomic 
energy matters.T 

Since this report is therefore not intended 


* An abridged version of this report was included in 


to be a technical review, it will not provide 
an exhaustive list of specific technical 
applications. Several such technical reviews 
were presented by country delegates to the 
Geneva Conference on the Peaceful Uses 
of Atomic Energy in August 1955, and will 
be found in the proceedings published by 
the United Nations." 

A semi-technical survey of The Uses of 
Atomic Energy in Food and Agriculture and their 
economic implications was also submitted by 
FAO to the Geneva Conference.) In that 
survey a wide range of representative 
examples across the whole field of possible 
applications of atomic energy to food and 
agriculture were touched upon. One of 
the interesting indications of the Geneva 


document No. E/3005 entitled ‘“‘Economic Applications 


of Atomic Energy”? submitted by the Secretary-General of the United Nations to the 24th Session of the Economic 


and Social Council (ECOSOC) in Geneva, July 1957. 


+ The terms of reference of the Food and Agriculture Organization include not only agriculture proper, but 
also fisheries, forestry and human nutrition. The term agriculture in this report should in general be interpreted 
in this wider sense except where from the context it is clear that it has the more usual restricted connotation. 
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Conference was that programmes involving 
the use of atomic energy in biology and 
agriculture had developed along broadly 
similar lines in the various regions of the 
world, albeit to some extent in isolation. 
The account given in the FAO survey, 
although prepared two years ago on the basis 
of information then available in the West, 
still presents an adequate general picture of 
the whole range of applications. 

In that survey the contributions that 
atomic energy can make to the better feeding, 
clothing and housing of the world’s fast- 
growing populations were reviewed in terms 
of the three main ways of producing more 
of the primary necessities of life— 

(i) reducing losses in production, storage 
and distribution; 

(ii) raising the productivity of land and 
other resources now in use, through 
the adoption of improved technical 
methods, and 

(iii) developing new areas and resources. 
It was shown that through innumerable 
applications in all three fields of action 
atomic energy could be of immense aid in 
raising levels of nutrition and standards of 
living in every country. How and under 
what conditions the translation of that 
promise into reality can be accelerated will 
be examined in this report. 

Consideration will be given in broad terms 
to four major categories of application—the 
possible contributions of nuclear-derived 
power, the use of radiation in food preserva- 
tion, the use of radiation in plant breeding 
and the use of radioisotopes in agricultural 
research—which between them will ade- 


quately highlight the vast potential contri- 
bution of atomic energy to agriculture and 
related industries. 

It will be shown that nuclear-derived 
power will in due course bring substantial 
benefits to agriculture, forestry and fisheries. 
However these must in general await further 
developments in the technology of nuclear 
power generation and some experience in 
its application in industry. On the other 
hand the potentialities of the by-products 
of atomic energy, radiation and_ radio- 
isotopes, are of immediate significance for 
agriculture and food production. They will 
therefore be discussed in some detail in 
order to provide guidance on action that 
can be taken by governments now or in 
the immediately coming years. 

The use of radiation in food preservation 
and in plant breeding will be treated at 
length because these applications constitute 
a radically new approach to the problems 
involved, and as they have received much 
publicity it is desirable that there should be 
a rather full presentation of what is so far 
known about their possibilities and limita- 
tions. The much more cursory treatment 
that is necessarily given to the innumerable 
uses of radioisotopes in agricultural research 
should not be taken as indicating in any 
way the relative economic significance of 
these three categories of application. 

Many of the applications included in 
the FAO survey presented to the Geneva 
Conference in 1955 will be omitted from 
further consideration here, even though some 
of them may also be of very considerable 
significance. 


POWER APPLICATIONS 


The primary aim of current industrial 
atomic energy programmes is to produce 
electric power at a cost that will compare 
favourably with other methods using con- 
ventional sources of energy. As _ such 
programmes are successfully established in 
industrialized areas and _ subsequently 
extended to rural areas, agriculture will 
undoubtedly greatly benefit. The contribu- 
tions that additional nuclear-derived electric 
power can bring will be particularly welcome 


in those areas where conventional energy 
sources are deficient. 

Electric power is playing an increasingly 
important part in various farm operations, 
in the processing of agricultural products, 
in rural industries and in rural life in general. 
More abundant supplies of electricity will 
accelerate present trends towards farm 
electrification, and this, through the replace- 
ment of human and animal power, and even 
to some extent other forms of mechanical 
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power, will result in greater efficiency and 
therefore lower costs of producing and pro- 
cessing food and other agricultural products. 

In addition to contributing in these ways 
to the national economy as a whole, the 
living standards of rural peoples in particular 
will be raised by improving their working 
conditions and making modern domestic 
conveniences and comforts more readily 
available to them. These latter points will 
be of significance not so much from the 
standpoint of reducing the flow of labour 
from the land as in raising the efficiency 
and happiness of those who. remain in farm 
employment. 

Many other more specific applications 
of nuclear-derived power in agriculture 
have frequently been suggested. Among 
these are the contributions that it might 
make to underdeveloped areas by making 
possible the establishment of large-scale 
irrigation and drainage schemes. Such 
areas are often completely lacking in con- 
ventional energy resources, and in attempting 
to develop them it has already been found 
that the long haulage and importation of 
bulky fuels for the generation of electric 
power is a most unattractive proposition 
and constitutes a major burden. Since 
electricity provides the cheapest form of 
power for the pumping of water, whether 
from low-lying rivers, swamps or under- 
ground sources, the availability of electric 
power from nuclear sources would open 
up vast possibilities for the development 
of those energy-deficient areas. 

There are many desert and semi-desert 
areas suitable for development through the 
provision of irrigation facilities in many 
parts of the world, including various countries 
in the Near East region, Africa, the Indian 
Peninsula, Central Asia, Northern China 
and the American continent. ‘There are 
also areas where the drainage and reclama- 
tion of marshlands and deltas, especially in 
the tropics, could render land fit for 
cultivation and healthier for habitation, 
though the opportunities for this type of 
action are perhaps fewer than in the case 
of irrigation. 

In such connections, however, it is impor- 


tant to remember that the settlement and 
development of previously uncultivated areas 
requires immense capital investment and 
constitutes an extremely complex socio- 
economic undertaking in which the provision 
of power is only one of the many major 
problems to be overcome. Whilst in general 
it is likely that population pressures will 
have to be a great deal higher than they are 
at present before it will be necessary to look 
to developmental schemes of this nature 
to ease the supply situation, there are some 
countries or areas where the amount of 
cultivable land in relation to population 
is already or soon will be quite inadequate. 
However, until more experience with the 
operation and cost of nuclear power plants 
is available it would be unprofitable to go 
more deeply into the considerations that 
would make it practicable to use them in the 
development of irrigation or drainage 
schemes in such countries, but the time 
when it proves possible to do so may well 
come much sooner than is generally believed. 

The application of nuclear-derived power 
could also be of considerable significance 
to the fishing industry, where the develop- 
ment of nuclear power units of a size 
suitable for installation in ships would be 
of particular interest for use in mother and 
factory vessels of fishing and whaling fleets 
operating over long periods at great distances 
from their bases, especially in the Antartic, 
since they might in various ways lead to 
substantial reductions in operating costs. 
Present power plants, including fuel tanks, 
occupy about forty per cent of the available 
space. To the extent that this might be very 
considerably reduced by a change to a 
nuclear propulsion plant, the size of the 
vessel could be decreased, or its speed 
increased, or the fish-hold space or fish- 
processing space increased for the same 
sized hull. Progress in the development of 
nuclear propulsion for merchant vessels 
will therefore be watched with much interest 
‘py the fishing industry. 

More abundant power could also make 
possible the more efficient exploitation of 
world forest resources. As in agriculture, 
the extension of rural electrification would 
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be of great significance for the primary, 
often small, rural forest industries, and in 
addition it would have far-reaching implica- 
tions for forest policy and management in 
general. At the present time about one-half 
of the world’s harvest of wood is used for 
fuel, which forms a particularly important 
source of energy in rural areas. Past 
experience has shown that where a more 
convenient source of power is available the 
use of wood as fuel drops very rapidly. In 
areas where wood is scarce and the forests 
badly abused by destructive harvesting 
to meet the needs of the population, as in 
some Mediterranean and Asian countries, 
the replacement of wood by an alternative 
source of power would greatly facilitate the 
much-needed reconstruction of an adequate 
forest cover. 

The availability of cheaper power would 
also make possible the more efficient exploita- 
tion of large forest areas and would have a 
particularly marked effect on the practic- 
ability of establishing economically sound 
and integrated wood industries in the remote 
and lesser-developed parts of the world. 
Looking even further afield, it might play 
a most important part in opening up some 
of the world’s last untapped forestry resources 
in the tropical areas, particularly in South 
America and Africa. 

The pulp and paper manufacturing 
industries are also heavy consumers of 
power, and in this connexion it is of interest 
that the utilization of nuclear-derived heat 
for pulp and paper processing is already 
being contemplated in Norway. The reactor 
concerned, from which the heat contribution 


THE USE OF RADIATION IN FOOD 

During recent years a great deal of 
attention and research effort has been 
directed towards the possibility of using 
ionizing radiations as a means of preserving 
food. ‘This has aroused much interest on 
the part both of the general public and 
the food processing industry. Even if only 
some of the many enthusiastic claims for 
its potentialities are ultimately fulfilled, 
a major advance in methods of food preserva- 
tion will be achieved. 


will be subsidiary to its main purpose, is 
expected to be in operation in 1958. 

Attention has recently been directed‘ 
to another interesting possibility of using 
the high temperatures that are attainable 
through nuclear reactions for the production 
of nitrogenous fertilizers by direct combina- 
tion of nitrogen and oxygen. Atmospheric 
nitrogen is by far the most important 
nitrogen resource that we have, and is the 
only important fertilizer raw material of 
which every country has an adequate supply. 
Although so far as is known no work is in 
progress in this respect, it is a possibility 
which, if found practicable, could be of 
very considerable significance for agriculture, 
as well as for the nitrogenous fertilizer 
industry in which power requirements are 
extremely high. 

In conclusion, it will be seen that nuclear- 
derived power can make many important 
contributions to the advancement of agri- 
culture and its related industries. Most of 
these potential benefits are, however, 
dependent upon technological developments 
that at this time are largely outside the 
control and influence of agriculture itself, 
and it will therefore in general be some years 
at least before they can significantly affect 
the situation. 

On the other hand the benefits to be 
derived from the by-products of atomic 
energy, radiation and radioisotopes, are of 
more immediate significance for agriculture 
and food production, and governments can 
do much to accelerate their realization. 
The ways in which this can be done will be 
considered in the following chapters. 


PRESERVATION AND PROCESSING 
The nature of the method 

The use of ionizing radiations in food 
preservation is based on its ability to destroy 
the micro-organisms and insects which cause 
food spoilage. The particular attraction 
that irradiation offers is that it does not 
lead to any appreciable rise in temperature 
of the foodstuff during treatment. The 
use of radiation thus opens up the possibility 
of a wider distribution of perishable food- 
stuffs in the fresh or near-fresh state. 
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With proper packaging to prevent re- 
contamination, radiation extends the storage 
life of some foodstuffs very considerably, 
at both normal temperatures and under 
refrigeration. Packaging can be done before 
irradiation, and heat-sensitive packaging 
materials such as plastics as well as the more 
conventional rigid containers can be used. 
The method is therefore well adapted to 
the present trend towards mechanization 
in the food industry and the packaged 
distribution of foodstuffs, including the 
increasingly popular retailing of semi- 
prepared foods which do so much to ease the 
work of the housewife. © 

However, food decomposition is not caused 
solely by micro-organisms but also by the 
action of enzymes which are naturally 
present, or by purely chemical changes, 
such as oxidation which can lead to rancidity. 
Enzymes can be inactivated relatively easily 
by heat treatment but only by unacceptably 
heavy doses of radiation, whilst deleterious 
chemical changes are not at all inhibited 
by radiation. Irradiation does not therefore 
in itself satisfy all requirements for an effec- 
tive method of preserving foods in the fresh 
state, but it does offer certain attractive 
possibilities which deserve comprehensive 
investigation. 

By far the greater part of the research 
already undertaken on the irradiation of 
foods has been conducted in the United 
States of America. More limited work has 
also been carried out in the United Kingdom, 
and considerably lesser amounts in such 
countries as Germany, Norway, Sweden, 
the Netherlands and France. ‘There is 
already a vast technical literature on the 
subject,“ but much work still remains to be 
done before radiation preservation of food 
will become a commercial possibility. 


Radiation sources 


A great deal of the interest in this method 
of food preservation arises from the wide 
scope that it offers for the useful employment 
of the radioactive by-products of the 
operation of nuclear reactors. In addition to 
these mixed fission products, in either the 


spent reactor fuel elements themselves or 
in gross separated form, consideration has 
also been given to using separated individual 
isotopes, isotopes specially produced in 
reactors, specially designed parts of the 
reactor assembly or even a reactor specially 
designed for the purpose. As a _ parallel 
development interest has extended to the 
possibility of using radiations that can now 
also be provided at sufficiently high intensity 
by electrical machines. Each of these 
radiation sources has particular technical, 
technological or economic advantages or 
limitations which are the subject of much 
current investigation with a view to identify- 
ing those sources most suitable for food 
irradiation. 


Problems involved 


Some of the major problems presented 
by the use of radiation in food preservation 
arise from the subtle bio-chemical changes 
that it causes in food and which can lead 
to undesirable alterations in colour, texture, 
transparency, odour and flavour. The 


extent of these adverse effects depends on 
the nature of the food, the conditions under 
which it is irradiated and the level of 
radiation used. ‘They are most marked 
with the higher radiation dosages used to 
obtain commercial sterility. Some at least 
of them can be decreased by special pro- 
cedures such as irradiating at low tempera- 
ture, which unfortunately also protects the 
micro-organisms to some extent, or by the 
use of certain protective substances. 

Until irradiated foods can be made 
completely acceptable the advantages of 
this method of preservation obviously cannot 
be fully realized. Therefore a great deal 
of research effort is being directed towards 
controlling these so-called “‘side-effects”’. 
Their investigation presents many extremely 
difficult problems because of the highly 
complex chemical nature of foodstuffs and 
the fact that the substances responsible for 
the deleterious changes are produced in 
such minute amount. Particular items of 
meat, poultry, fish and vegetables after 
treatment with high dosages have shown 
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no significant change in appearance or 
taste and have been found highly acceptable 
after periods of storage of several months 
at room temperature. Other items in these 
same categories of foods have been found 
to be much more susceptible to deleterious 
changes, and so also have milk and dairy 
products. Many such difficulties, however, 
may be expected to be overcome through 
further research. 

Deleterious changes, and the associated 
consumer acceptability problems, are much 
less in evidence at radiation dosages con- 
siderably lower than those needed for 
sterilization. Such so-called “radiopasteuri- 
zation” has been found to extend the 
storage life of fresh meat and of some 
highly perishable vegetables and fruits very 
considerably. Even more restricted radia- 
tion dosages below those required for 
pasteurization have been found effective 
for inhibiting sprouting or reducing weight 
losses during storage of such vegetables as 
potatoes, onions and root crops; for destroy- 
ing the food-borne organisms causing such 
parasitic diseases as trichinosis in pork; 
and for controlling insect infestation in 
grains, cereal products, dried fruits and other 
similar foodstuffs. 

A further major problem presented by the 
use of radiation is the possibility that some 
of the chemical changes induced in the 
irradiated food might result in the formation 
of substances toxic to man. Quite extensive 
tests conducted by feeding irradiated foods 
to animals and to a much lesser extent to 
human volunteers have so far given no 
indication of adverse effects of any kind, 
nor has there been any evidence that their 
nutritional value is affected in any important 
way. Nutritional values remain essentially 
unaltered by irradiation. Where there are 
significant effects, as is the case with some 
but not all vitamins, they are no greater 
than in heat-treated foods. Repeated 
measurements and theoretical calculations 
have shown that there is no residual radio- 
activity at any of the energy levels that will 
be used in food irradiation. 

However, so important are these matters 
for acceptance of irradiated foods with 


confidence by the public that it is essential 
that they be shown to be safe and wholesome 
when used in large quantity over long 
periods of time. The United States authorities 
have therefore initiated a long-term pro- 
gramme of animal and human volunteer 
feeding tests. These are expected to last 
about five years, and only on the basis of a 
satisfactory outcome of these tests will the 
public sale of irradiated food-stuffs be 
permitted in that country. It appears 
unlikely that this legal clearance will be 
forthcoming in the United States before 1960 
at the earliest. By that time it is anticipated 
that sufficient experimental and pilot-scale 
experience will be available to permit the 
introduction of radiation preservation of 
some foods on a practical scale in that 
country, but that wide-spread commercial 
usage will still require further substantial 
technological advances. 

So far as costs of irradiation are concerned 
no valid figures are yet available that would 
be applicable to commercial usage, but 
present estimates indicate that they would be 
within the competitive range of conventional 
methods of food processing. 


Radiation a supplementary method of food 
preservation 


It is generally conceded that irradiation is 
quite unlikely entirely to replace other 
methods of food preservation in the forsee- 
able future, but that it will gradually come 
into use as a supplement to them under 
suitable conditions and for appropriate 
purposes. Each of the traditional methods of 
food preservation—such as_ refrigeration, 
heat sterilization, the use of chemical 
preservatives, and dehydration—is recognized 
as having specific advantages for particular 
kinds of foods, and also for particular levels 
of economic and technological development. 

The cost factor and certain interrelated 
technical considerations will have an 
important bearing in this connexion. The 
costs of food irradiation are quite substantial, 
because the radiation source and the necessary 
shielding are expensive and the maintenance 
and running costs are high. The total costs 
depend also on the level of dosage. There is, 
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therefore, a general interest in the application 
of low dosages, because, in addition to 
reducing costs, the possible health risks and 
the extent of undesirable changes in the 
irradiated foods are also lessened. However, 
the lower the dosage the smaller also is the 
effect, and the shorter the keeping time of the 
treated foods. For those reasons there is 
much interest in combination of irradiation 
with other methods of food preservation 
such as refrigeration, partial heat treatment, 
light salting or the use of antibiotics. 
Investigations at present in progress should 
provide valuable information on this parti- 
cular aspect of the problem and show the 
possibilities as well as the limitations of any 
such combinations. 


Fields of application 

The destruction of insects in stored food- 
stuffs such as grain, cereal products and 
dried fruits appears to be a _ particularly 
promising application of radiation. However, 
the container must also be disinfested to 
prevent re-infestation and this is difficult in 


bulk storage, where other processes, some of 
which are simple and effective, are available. 
For similar foodstuffs in packaged form 
irradiation may have attractive possibilities. 
The suppression of sprouting in potatoes and 
the extension of storage life of root crops is 
another promising application of radiation, 
but here again in some cases simple and 
effective competitive methods are available. 

Present indications are that radiation will 
have its greatest potentiality with meats and 
other relatively high cost products which can 
absorb the added expense more easily than 
low cost foods. Some authorities believe also 
that radiation may result in the development 
of new types of preserved food which cannot 
be produced by the older methods of 
processing. 

Because of its requirements for proper 
technological control, continuous mechanized 
processing and packaging, and in the case of 
foodstuffs preserved in the fresh state, rapid 
transportation, efficient distribution and 
adequate refrigeration at all stages from 
processing to domestic use, the use of radiation 
as a means of preserving food will have its 
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greatest interest for use in countries having a 
mature industrial economy and a highly 
organized system of food-processing and 
distribution. 

The possibility of using radiation for food 
preservation will also be of interest to 
countries with a large export trade in 
perishable commodities, and countries likely 
to be importing those irradiated foods will 
also need to keep abreast of developments at 
least in so far as public health considerations 
are concerned. 


The need for international co-operation in research 
on radiation food preservation 

It will be apparent that in the immediate 
future food irradiation will therefore be of 
greatest concern to three categories of 
countries—those having an internal economy 
potentially favourable to its development, 
those having a substantial export trade in 
perishable foodstuffs, and those importing 
such foodstuffs. These countries will need to 
maintain at least a small nucleus of research 
workers to keep in touch with developments, 
and if they are to be in a position to take 
advantage of those developments when the 
stage of commercial practicability of food 
irradiation is reached they will need also to 
become actively engaged in a research and 
development programme before that time. 

Yet research in this field is difficult and 
expensive. Substantial investment is required 
for research equipment and its maintenance, 
and highly specialized and well trained 
scientists in many disciplines are needed. 
The size and the cost of the radiation sources 
and the hazards in their use must also be 
taken into consideration. In a _ research 
programme as such, the quantities of food 
involved are small and the radiation source 
need not be large. However, feeding trials 
are an essential part of an investigation of 
this kind and when they are to be undertaken 
larger quantities of food and correspondingly 
larger sources of radiation will be involved. 
An adequate programme of research and 
initial development will require substantial 
funds, and few countries will be able to 
provide a sufficient number of suitably quali- 
fied and specialized staff. This is therefore 


264 


a field in which international co-operation 
is eminently desirable. 

The most compact grouping of countries 
coming within one or more of the three 
categories of countries potentially interested 
in food preservation by irradiation, as 
described above, is in Europe, and it is here 
that the possibilities of international co- 
operation could first be explored. 

Only two countries in Europe have so far 
concerned themselves to any significant 
extent with food irradiation. The United 
Kingdom has had a limited programme of 
basic research in progress for some years but 
has not yet announced any plans for more 
intensive investigations, whilst Germany has 
recently made provision for the establishment 
of a modest long-term programme of research. 
Europe as a whole is therefore already 
behind in this field of investigation, even 
though it is the region best able at this time 
to take advantage of this process when its 
commercial practicability has been estab- 
lished. 

The FAO European Contact Group on 


the Uses of Isotopes and Radiation in 
Agricultural Research, at its first meeting 
held in the Netherlands in December 1956, 
recommended that consideration be given 
to specific means of developing international 
co-operation in research in food preservation 


by irradiation in Europe. Preliminary 
consideration will be given to the technical 
requirements for such co-operation at a 
European meeting of specialists to be 
convened by FAO in 1958. 

The confidence of the United States 
authorities that this new method of food 
preservation has important economic possi- 
bilities is shown by the extent to which 
research in this subject is being supported in 
that country. After an initial period of 
several years of exploratory research, the 
cost of which was probably of the order of 
some two million dollars from various 
sources, the United States Government in 
1955 undertook to provide a central food 
irradiation research centre with a pilot plant 
of three thousand |b capacity per hour and 
costing about three million dollars, together 
with further substantial funds for appropriate 
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sources of radiation, including a linear 
accelerator and either a reactor specially 
designed for use in food preservation or a 
large radioisotope source. Further, for 
research and development operating costs, a 
total of somewhat over six million dollars was 
to be made available over a five-year period. 
This officially sponsored research and 
developmental programme will involve the 
co-operation of some fifty governmental, 
university, industrial and private research 
agencies, and will thus spread experience 
with this new technique over a wide field. 
In addition the independent investment of 
industry in this work is estimated already to 
be over half a million dollars annually and 
is expected to rise rapidly beyond the one 
million dollars a year level. From 1959 or 
1960 onwards it is anticipated that industry 
will be bearing the greater part of the costs 
of further research and development. 

The figures quoted above also give an 
indication of the size of the research and 
early developmental programme needed if 
there is to be any real possibility of success. 
A co-operative international food irradiation 
research project in Europe might not need to 
start at this level of expenditure, but it must 
be recognized that a worth-while programme 
of research and development would require 
substantial investment and effort. 

Various forms of such a _ co-operative 
international programme can be envisaged. 
In the first place it would undoubtedly be 
possible to accelerate progress in Europe if 
arrangements were made for the exchange 
of advance information on projected national 
research programmes and on the results of 
such research prior to publication. The 
co-operation between research institutions 
and individual investigators thus encouraged 
might conceivably in some cases lead to 
agreements that, instead of one country 
attempting to cover the whole field of 
interest, individual countries might con- 
centrate on research in limited sectors of the 
field and then pool their information. 
However it appears questionable whether 
arrangements for the exchange of information 
alone will ultimately prove really adequate 
to the needs. For instance, from the public 
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health standpoint alone governments will 
need to assume responsibility for the regu- 
latory supervision of commercial operations, 
and this will require that their officers be 
familiar on a practical level with the 
techniques and problems involved. This 
will be necessary even in countries which do 
not themselves undertake food irradiation 
but which may wish to import irradiated 
foodstuffs from other countries. The 
necessary practical experience might be 
obtained in part through an exchange of 
research staff between countries, in which 
case countries with comprehensive pro- 
grammes and adequate sources of radiation 
could make a substantial contribution to 
co-operation by making their laboratory 
facilities available to selected workers from 
other countries. Eventually, however, it 


may become desirable to organize an even 
closer form of co-operation through the 
conduct of a comprehensive research and 
early developmental programme on a co- 
operative basis at a central location, possibly 
on the model of the European Organization 


for Nuclear Research (CERN—Conseil 
Européen pour la Recherche Nucléaire) 
through which a number of European 
governments co-operate together in the 
maintenance of a joint laboratory for 
fundamental research in nuclear physics in 
Europe. The projected European technical 
meeting on the use of ionizing radiations for 
food preservation to be organized by FAO 
will provide an opportunity for initial 
consideration of the type of international 
co-operation that is feasible at this stage. 


Summary and conclusions 

The possibility of using ionizing radiations 
to preserve various categories of foodstuffs 
has been successfully demonstrated on an 
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experimental scale, but the conditions under 
which this will be technologically and 
economically feasible on a commercial 
scale have not yet been clearly established. 
Although a considerable amount of experi- 
ence has been accumulated, mostly in the 
United States of America, there are still 
many problems to be solved before this 
method of food preservation can become a 
commercial reality. Nevertheless it appears 
to have promise for particular types and 
items of food and under particular conditions. 
If this is substantiated irradiation © will 
constitute a valuable addition to existing ° 
methods of food preservation and will make 
an important contribution to available food 
supplies by helping to reduce the serious 
losses that occur at all stages between 
production and consumption. 

An extensive research and developmental 
programme in progress in the United States 
of America is expected by about 1960 to 
give a clearer indication of the time when 
commercial usage of radiation for food 
preservation will become possible. If other 
countries potentially interested in making 
use of this method are then to be in a position 
to do so without undue delay, they should 
by that time have taken steps to acquire some 
initial experience with the techniques and 
problems involved. An adequate funda- 
mental research and early developmental 
programme requires substantial funds, and 
highly skilled and well-trained scientists in 
many disciplines. Few countries are in a 
position to undertake investigations on a 
sufficient scale independently on the basis of 
their own resources. This is a field in which 
advance is most likely to be achieved 
through international co-operation. At this 
time such co-operation could most appro- 
priately be initiated in Europe. 


THE USE OF RADIATION IN PLANT BREEDING 


An application of radiation of quite 
different nature from that involved in food 
preservation is in connexion with the 
breeding of improved varieties of plants and 
animals. The use of radiation for this 
purpose is dependent upon its ability to 
induce heritable changes or mutations in the 


fundamental genetical materials—the genes 
and chromosomes—which determine the 
characteristics of living organisms and which 
constitute the basic raw material with which 
the breeder works. 

The first clear evidence of the ability of 
radiation to induce mutations in plants and 
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animals was obtained with X-rays nearly 
thirty years ago in the United States of 
America. In the following years the 
possibility of using X-rays in the improvement 
of cultivated plants was investigated by a 
number of workers in several countries in 
Europe, Asia and America, but it was only 
in Sweden, and to a lesser extent in Germany, 
that really adequate exploratory programmes 
were undertaken and continued. 

With the development of atomic energy 
other types of radiation became freely 
available for experimental use, so that there 
has recently been a general upsurge of 
interest in the possibility of putting radiation 
to practical use in crop breeding. Much of 
this renewed interest derives from the vigour 
with which investigations have been pursued 
in the United States of America during the 
past few years, and from the enthusiasm 
that has been rekindled in Europe by the 
demonstrated practical value and high 
promise shown by some of the mutations 
derived from the early X-ray experiments in 
Sweden especially.‘® 

Radiation is potentially applicable in 
both plant and animal breeding, and the 
possibility of developing by this means 
poultry with improved egg production is 
already being investigated in the United 
States of America. Apart from this, however, 
but little work on livestock improvement 
through the use of radiation is in progress— 
largely because of the greater difficulty and 
expense of animal experimentation. 

So far as plants are concerned, by far 
the greater part of the work has been 
concentrated on farm crops, which because 
of their short life cycle present particularly 
favourable material for the investigator. 
Considerable attention has also been given 
to fruit trees and bushes which can _ be 
multiplied rapidly by vegetative methods of 
propagation such as budding or grafting. 
Radiation also holds much promise for the 
improvement of forest trees, but their long 
life cycle makes them less attractive as 
material for experimental use in the early 
stages of investigation of a new technique. 
However, in many countries increasing 
emphasis is being given to the breeding of 
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varieties of forest trees with increased 
growth rate, or resistance to particular pests 
and diseases, and radiation may eventually 
play an important part in the production of 
such improved types. That, however, is 
something for the future, and discussion in 
this report will deal chiefly with the use of 
radiation in the improvement of agricultural 
and horticultural crop plants, it being under- 
stood that the principles are of general appli- 
cability, but that their actual usage in plants 
such as forest trees, and in animals, may be 
restricted by practical considerations. 


The types of radiation used 

All forms of ionizing radiation are of 
potential interest to the plant breeder and 
all have been used, to some small extent at 
least, in recent investigations. X-rays con- 
tinue to be used to a considerable extent, 
but greatest interest now centres around two 
derivatives of the atomic energy programme 
—y-radiation and neutrons. The y-radiation 
is at present usually obtained from cobalt-60. 
The source, with adequate protective 
safeguards for those concerned in the work, 
is installed in a fenced field or in a greenhouse, 
where entire plants may be exposed during 
part or all of their growing life. Such 
gamma facilities are relatively easy and 
inexpensive to install, and are already 
available at a number of experiment stations 
in various countries. 

The use of neutrons in plant breeding 
investigations has so far mostly been limited 
to countries in which cyclotrons or nuclear 
reactors are available. Facilities at the 
Brookhaven National Laboratory in the 
United States, where seeds or cuttings may 
be subjected to irradiation with either 
thermal or fast neutrons for short periods in 
a reactor specially designed for biological 
investigations, are now available to investi- 
gators in other countries as a contribution to 
international co-operation and are being 
increasingly used by them. 

Although there are differences in the 
efficiency of the various radiations, neutrons 
for instance as compared with X-rays and 
gamma rays inducing a higher frequency of 
mutations in relation to the number of 
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plants surviving treatment, there is as yet 
no evidence that any particular type of 
radiation is more effective than others in 
producing useful mutations. 


The nature of the contribution made by radiation 

The mutations induced by radiation 
include both gene changes and chromosomal 
alterations, and are in general of much the 
same nature as naturally occurring so-called 
spontaneous mutations. In both cases the 
majority are deleterious and only a small 
proportion—perhaps one in a thousand—are 
potentially useful. Yet it is on the basis of 
those relatively rare favourable mutations 
that all living organisms have evolved 
through the ages, firstly through the agency 
of natural selection, and subsequently, in 
the case of our domesticated crops and 
livestock, through selection exercised by man 
himself. 

The contribution that radiation makes to 
plant breeding is that it vastly increases the 
frequency of appearance of mutations—by 
fifty or one-hundred fold or more—and so 
provides a relatively simple means of greatly 
expanding the variability available to the 
plant breeder for selection. To this extent 
it is a most valuable supplement to the 
normal procedure of collecting and main- 
taining a representative sample of the natural 


variability of the crop for use in breeding 


programmes. 
Since the possibility of using radiation- 
induced mutations in plant breeding pro- 
grammes was first considered, there has been 
much controversy as to their practical value, 
chiefly on the grounds that the changes 
induced by radiation are essentially de- 
structive in nature. However, there is now 
ample evidence that induced mutations can 


be obtained that have a favourable effect on 
such important features as yield, maturity 
period, standing ability, disease resistance 
and various other agronomic and quality 
characteristics.* 


Present accomplishments 

Rembering that this entirely new approach 
to plant breeding was initiated less than 
thirty years ago in Europe and only a few 
years ago in the United States of America, 
the practical successes that have already 
been achieved are impressive. In Sweden 
an improved variety of white mustard of 
superior yield and oil-content, and a more 
uniformly-ripening, early, high yielding 
variety of summer oil rape are already in 
use, whilst a variety of cooking pea with 
distinctive fruiting habit and higher yield 
has recently been released for use in 1957. 
As an example of the economic return from 
even one such successful accomplishment, it 
is of interest that the white mustard variety 
is the only one grown in Sweden, and the 
value of the crop may be estimated at about 
two million Swedish crowns, whilst the 
annual government allocation for all 
mutation research work in Sweden is less 
than a quarter of a million crowns. 

In addition in that country many 
promising new types obtained by irradiation 
in barley, wheat, oats, soya-bean, flax and 
many other crops are under test. Important 
characteristics of these new types include 
short and stiff strawed types of cereals more 
resistant to lodging, and so better able to 
make economic use of fertilizer dressings 
and better adapted to mechanical harvesting, 
types with shorter or longer maturity period, 
and types with changed ecological adaptation 
in relation to such features as higher or 


* The deleterious effects of radiation on the fundamental genetical materials may be put to good use in a totally 
different category of application—namely the control of insect pests under field conditions. In the West Indian 
island of Curacao, as a result of co-operation between the United States Department of Agriculture and the Nether- 
lands authorities, the screw-worm has been eradicated through use of a most ingenious method involving the 
sterilization of male flies in the laboratory by the radiation from radio-cobalt, and their subsequent release in the 
field in numbers much in excess of the normal population of males in the area, so that the female flies are more 
likely to mate with a sterilized than with a fertile male and are thus unlikely to produce fertile eggs. This method of 
control is now being extended to a large area in the South-Eastern United States, in which country this pest is 
responsible for damage to the extent of some twenty million dollars annually. It is a method of control that is 
likely to be applicable to other pests having a life-history suitable to such a means of attack, and under appropriate 


environmental conditions. 
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lower rainfall. Other countries reporting 
promising mutations in a wide range of 
agricultural and horticultural crop plants 
include Germany in particular, and such 
countries as Austria, Belgium, Finland, 
France, India, Japan, the Netherlands, 
Norway and the United Kingdom which have 
so far had smaller irradiation programmes. 

Almost all of these European and Asian 
accomplishments have been achieved through 
the use of X-rays. It is only from the 
United States of America that extensive 
accomplishments with radiation derived 
from atomic energy programme _ sources 
have so far been reported, but there also 
X-rays have been extensively used. In that 
country, programmes for inducing disease- 
resistance in cereals have attracted a great 
deal of attention because of the agricultural 
importance of the problem, and progress in 
this respect has been facilitated by the 
availability of effective testing procedures 
for the identification of beneficial mutations. 
As a result resistance has been reported to 
several types of fungal and bacterial diseases 
in various cereals, flax and peanuts in 
particular. These possibilities will be of 
interest in all countries where relatively 
uniform varieties grown over large areas are 
subject to devastating epidemics of diseases, 
since the development of resistant varieties 
is the most effective and economic means of 
combating them. Short and stiff-strawed 
types of oats, barley, wheat and rice have 
also been reported from the United States, 
and many potentially useful mutations in 
various horticultural crops and woody plants, 
including fruit trees. 

The first new strain developed by irradia- 
tion to go into production in the United 
States of America is a bush type of bean 
derived from a vine type. It was developed 
from material treated with X-rays in 1941 
and was released for the 1957 crop season. 
Its upright open habit makes it more 
tolerant of wet weather than the original 
type and less subject to disease and rotting, 
and it will also be adaptable to mechanical 
harvesting. 

Most of the characters already mentioned 
are controlled by only one or a few genes of 


relatively large effect. Continuously variable 
characters such as yield and quality— 
so-called quantitative characters—are deter- 
mined by a large number of genes of 
individually small effect. Particularly 
extensive work with peanuts in the United 
States of America has already demonstrated 
the possibility of increasing through irradia- 
tion the genetic variability in respect of 
yield, and by subsequent selection accumu- 
lating favourable mutants into a more pro- 
ductive type. 

These achievements demonstrate that the 
induction of useful mutations by radiation is 
possible with respect to many kinds of 
characters of diverse genetical types in a wide 
range of crops. 


The unique contributions of radiation in plant 
breeding 

In addition to the general value of 
radiation in providing a ready means of 
furnishing new breeding material, it may 
on occasion make a unique contribution 
to crop improvement by raising the frequency 
of occurrence of certain extremely rare 
types of mutation of a special nature to a 
level where they can usefully be employed 
by the plant breeder to achieve results that 
he would have little or no possibility of 
accomplishing by other procedures. For 
example, it may provide a means of separat- 
ing favourable and unfavourable characters 
that are genetically so closely associated that 
for all practical purposes they are usually 
regarded as inseparable. A close association 
of this nature between resistance to a 
particular disease and _ susceptibility to 
another in oats has already been broken in 
radiation experiments in the United States 
of America. 

In other investigations successful attempts 
have been made to put the damaging effect 
of radiation on chromosomes to good use. 
Plant breeders have long been attempting 
to transfer desirable characteristics such as 
disease resistance into various cultivated 
crop plants from their wild relatives, but 
have been frustrated by problems presented 
by sterility of the original cross, which is 
often the result of differences in chromosome 
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number between the wild and cultivated 
types, and by the difficulty of separating 
the desired characters from unfavourable 
features with which they are often closely 
associated in wild forms. By taking advan- 
tage of the ease with which chromosomes 
can be broken by radiation, and the fact 
that the broken fragments may subsequently 
become re-associated in new combinations, 
it has been shown to be possible to incorporate 
into a cultivated species valuable characters 
available only in a wild relative so distantly 
related that their transference by other 
means is impractical. In this way, in 
particularly ingenious experiments in the 
United States of America, an exceptionally 
potent form of resistance to leaf rust has 
been transferred from a wild grass with 
seven chromosomes into a variety of bread 
wheat with forty-two chromosomes. 


Radiation not a short cut to crop improvement 


It is frequently claimed that by the use of 
radiation the time required for the develop- 
ment of an improved variety can be very 
considerably shortened. In certain circum- 
stances this can be true, but the general 
consensus of opinion is that this will be 
rather exceptional and that in general 
radiation seldom provides a new type of 
plant that can immediately be put into 
production. It usually only furnishes new 
raw material for the plant breeder, who 
must then develop it into a new variety by 
the conventional plant breeding procedures. 
These include selection, perhaps also hybrid- 
ization, and finally adequate testing of the 
superiority of the new variety before it is 
released to the farmer. This may take 
anything from five to ten or fifteen years. 

The magnitude of the work that is likely 
to be involved in an irradiation programme 
may be exemplified from experience in 
Canada, where in one investigation a 
particular variety of barley was subjected to 
several different types of radiation treatment 
and about a million plants derived from over 
5000 irradiated individuals were surveyed 
for mutations. From amongst the many 
mutations obtained about 20 which appeared 
promising were eventually carried into 


yield and quality tests, but five years after 
work commenced sufficient evidence had 
become available to show that no new types 
were to be expected from that programme 
which were better than varieties already in 
use or which had been developed by con- 
ventional breeding procedures. 

In other circumstances a search for and 
selection of other types of mutations and a 
more intensive survey of the irradiated 
material might have been more successful, 
as has indeed been the experience in other 
investigations, but this example demonstrates 
that with the provision of an assemblage 
of mutations the plant breeder’s work has 
only just commenced. A single irradiation 
experiment can provide material that will 
require the careful attention of a plant 
breeder for many years. In fact it is common 
experience with irradiated material that a 
beneficial mutation is often associated with 
other undesirable mutations, including in 
particular chromosomal disturbances which 
can lead to partial sterility or to difficulty 
in stabilizing the type. . Part of the task of the 
plant breeder is to separate desired charac- 
teristics from those that are not wanted 
by his conventional techniques. This may 
be relatively easy in some cases, may require 
years of patient effort in other cases or may 
prove to be virtually impossible in still other 
cases. 

It is evident that radiation should not be 
regarded solely as a short cut to crop 
improvement. It should not be thought 
that atomic energy is like an automatic 
slot machine in this respect—that seed of a 
mixed unimproved native type can be put 
into the machine at one end, a handle 
turned, and a new improved variety ready 
for use will come out at the other end. A 
conception of this nature does harm to the 
true value of radiation, namely, that it is 
essentially a valuable supplementary tool 
for the plant breeder for use in appropriate 
circumstances. 


The long-term significance of radiation for crop 
improvement 

Beyond the demonstrated ability of radia- 
tion to augment variability, and in addition 
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to act as a unique tool for the synthesis 
of new strains by special procedures such 
as those outlined above, probably its most 
far-reaching implication lies in the possibility 
that through its use the plant breeder may 
be able more directly to control the mutation 
process. Mutation has generally been con- 
sidered to be entirely at random, but 
gradually accumulating indications suggest 
that the various forms of ionizing radiation 
differ in the range of mutations that they 
induce. This leads to the hope that eventu- 
ally it will be possible to obtain desired types 
of mutation with much greater efficiency 
than can be done at present, and this will 
greatly facilitate the moulding of plants to 
the ever-more exacting demands of modern 
agriculture. 

In this connexion is is noteworthy that 
the non-ionizing radiation ultra-violet light 
is also mutagenic, and an ever-increasing 
number of chemicals are also being found to 
have this property. For use in plant breeding 
programmes, radiation derived from atomic 
energy programme sources should in general 
be considered in this wider context. 

A great deal of research is now in progress 
in several countries to determine the way 
in which these several mutagenic agents 
exert their effects, the extent to which they 
differ in the types of mutations induced, 
their relative efficiency in producing muta- 
tions likely to be of practical value and the 
ways in which these end-results can be 
influenced by controlling the physical and 
chemical conditions before, during and after 
treatment. Such work deserves the strongest 
support and encouragement because of the 
contribution that it will make to the advance- 
ment of fundamental knowledge in genetics, 
which is an essential foundation for continu- 
ing progress in crop and animal breeding. 


Summary and conclusions 

It is evident that radiation, in common 
with other agents for the artificial induction 
of mutations, can make a valuable contribu- 


tion to the breeding of improved varieties 
of plants. New varieties developed from 
irradiated material are already in use or 
ready for release to the farmer in Sweden 
and the United States of America, and other 
highly promising types now under test are 
likely to be marketed in the near future. 

However, the use of radiation-induced 
mutations does not provide the answer to 
all plant breeding problems, nor is it to 
be regarded as a short cut to crop improve- 
ment. Irradiation is only the beginning of 
a long period of painstaking work extending 
over many years that will be required to 
identify the potentially useful mutations, 
to develop them into agronomically accept- 
able varieties and to test their superiority 
under field conditions before they can be 
put into production. This procedure will 
not always be simple and straightforward, 
for as well as having advantages, the method 
also has its limitations. It will certainly 
not replace conventional plant breeding 
methods, but should be regarded as a 
supplement to them. 

The technique will be most useful where 
modern conventional plant breeding methods 
have reached the point where further 
progress in the breeding of a specific crop 
depends on more intensive and fundamental 
approaches to the problems involved. Under 
those conditions, artificial mutagenesis should 
be regarded as one of many modern tech- 
niques essential to the fully-equipped plant 
breeder. 

In such cases governments are not likely 
to find it difficult to provide facilities for 
work of this nature, for the equipment 
needed is not expensive*, and the additional 
expenditure required will be small in 
relation to the total costs of a long-range 
breeding programme. It is highly desirable 
that any research programme involving the 
use of radiation-induced mutations should 
have its own radiation sources, or ones that 
are readily accessible, but in the early stages 
at least of such a programme radiation 


* In Europe it has been found that a small “‘gamma field’’ for y-irradiation can be established for as little as 
2000 dollars. This amount included cost, transportation and mounting of a 60 c cobalt-60 source and a wire fence 
about 400 m long enclosing an area of about | hectare. More ambitious facilities on a larger scale, in circumstances 
where drainage has been required and a small on-site laboratory has been provided, have cost up to 10,000 dollars. 
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facilities that are available on an sehernatane 
basis could be used. 

On the other hand there are many 
countries, and those not only the countries 
that are usually described as economically 
under-developed, where the possibilities of 
improving native or easily introduced 
varieties by conventional plant breeding 
methods and proper programmes for the 
production and distribution of high quality 
seed have by no means yet been properly 
exploited. In such circumstances it should 
be remembered that radiation is essentially 
in the nature of a refinement, and where 
resources—and especially resources in trained 
manpower—are limited, it is most important 
that a development of this kind should 
not be at the expense of finance and 
trained personnel needed for the basic 
fundamentals of an effective plant breeding 
programme conducted on a conventional 
basis. 

Apart from this reservation—and it is a 
reservation of wide applicability—anything 
of such nature that can, under appropriate 
circumstances, add to the already spectacular 
returns from investment in plant breeding 
deserves encouragement. 

Whilst such developments as irrigation 
and drainage projects, mechanization, land 
reform or the establishment of fertilizer 
industries require heavy capital investment, 
plant breeding is one of the least expensive 
forms of agricultural improvement. Not 
only are the development of improved 
varieties and the production of high quality 
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seed relatively inexpensive undertakings, 
but once an improved variety has been 
produced it represents a long-term invest- 
ment which pays interest year after year 
with little further expenditure. 

As one example from amongst many that 
could be quoted, the development of hybrids 
has raised corn production in the United 
States of America by nearly a billion bushels, 
with a cash value of almost one and a half 
billion dollars a year, but the annual 
appropriation for maize breeding research 
is only now about one three-hundredth 
of that amount and was much less than this 
in earlier days. Expenditure on research in 
plant breeding is evidently a very profitable 
investment, and anything that has the 
possibility of further adding to the returns 
from that research should be investigated. 
The artificial induction of mutations by 
radiations is only in its iafancy and much 
more work needs to be done before its 
potentialities can be fully evaluated. It 
will be well worth doing so because artificial 
mutagenesis provides the one hope for 
freedom from complete dependence upon 
nature for the genetic variants needed to 
improve crop plants and adapt them to the 
evermore stringent demands for conformity 
to man’s requirements that are made upon 
them. With these possibilities in mind, 
it is justifiable to predict that the use of 
radiation to develop improved varieties of 
crop plants will in due course rank amongst 
the most valuable of the contributions of 
atomic energy to the welfare of mankind. 


IN RESEARCH IN AGRICULTURE 


AND RELATED FIELDS 


By contrast with the direct applications 
of atomic energy—power applications, or 
the use of radiation in substantial quantity 
in processes where it contributes directly 
to the desired end-result, as in food preserva- 
tion—the use of radioisotopes in research is 
an entirely indirect application. Here the 
purpose is not to achieve a particular desired 
effect but to further our understanding of the 
complex physical, chemical and _ biological 
processes concerned in the production or 


utilization of agricultural products, so that 
those processes can be more effectively and 
efficiently controlled. 

The value of radioisotopes in research 
arises from the ease and accuracy with which 
they can be identified and measured in 
extremely small amounts by the use of 
highly sensitive methods that have been 
developed in recent years. A radioactive 
isotope behaves chemically in much the 
same way as the non-radioactive form of the 
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same element, but in the course of its 
disintegration emits characteristic types of 
radiation by means of which it can be 
identified. In this way, after a radioisotope 
has been introduced into a system under 
study, its movement, behaviour and fate can 
be followed from source to ultimate destina- 
tion, and in many cases this can be done 
without recourse to the normal chemical or 
physical methods of analysis that destroy 
and kill living tissues. 

Radioisotopes are therefore of inestimable 
value in studying the physiology and 
chemistry of living organisms and of complex 
dynamic biological systems such as_ those 
involved in the relationship between soil, 
plants, animals and man. The ready 
availability of radioisotopes and_ sources 
of radiation as a result of atomic energy 
developments has made possible advances 
in basic, applied and developmental research 
that are comparable with those that came 
to biology and medicine when the micro- 
scope became available, and that were 
previously quite unattainable. Their use 
as highly refined research tools is giving 
information that could be obtained in no 
other way or only at much greater expense 
in terms of time and money. 

It may in fact be said that in general the 
more complex and recondite the system 
under investigation, the greater is likely 
to be the value of radioisotopes in studying 
it as compared with the use of conventional 
physical and chemical methods of investi- 
gation. Examples are provided by the 
outstanding advances that have been made 
in our understanding of such complex 
systems of inter-connected processes as are 
involved in photosynthesis in green plants, 
or in milk secretion in cattle, since radio- 
isotopes became available for use in research. 

One extremely important achievement 
resulting from the use of radioisotopes is 
that now for the first time it has become 
possible to follow the movement of substances 
into or out of a system that is in dynamic 
equilibrium, or to identify movement that 
is contrary to the apparent overall direction. 
This is providing invaluable information on 
the dynamics of growth processes, the true 


R. A. Silow 


course of metabolic reactions and the turn- 
over or replacement rate of elements and 
compounds in various tissues and organs 
of the body. By thus improving our know- 
ledge of the basic biological principles 
involved in the growing of crops and 
livestock, radioisotopes are leading to the 
development of improved techniques and 
greater efficiency in the production of 
foodstuffs and other agricultural products. 

The boundaries of agricultural research 
are so broad and radioisotopes have been 
used in so many investigations covering 
various phases of almost every aspect of crop 
and livestock production that it would be 
quite impracticable to provide a complete 
and detailed survey here. For these details 
reference should be made to the proceedings 
of the International Conference on the 
Peaceful Uses of Atomic Energy and to 
reports of the various symposia on the use 
of radioisotopes in biological and agricultural 
research that have been held in the United 
States and the United Kingdom.’ <A 
considerable number of representative 
examples of radioisotope usage, with some 
discussion of their economic implications, 
were included in the survey on The Uses of 
Atomic Energy in Food and Agriculture presented 
by FAO to the Geneva Conference on the 
Peaceful Uses of Atomic Energy in 1955. 
The general nature of those applications 
of radioisotopes and the significance of the 
findings arising therefrom for agriculture 
and related industries will be discussed here 
only in broad outline. 


Applications in soil fertility and crop-nutrition 
investigations 

One of the earliest applications of radio- 
isotopes was in studies of soil fertility and 
crop nutrition, where they have opened up 
new avenues of attack that are now yielding 
a wealth of fundamental information and 


practical hints. Many important contri- 
butions have come from experiments that 
could not have been performed without 
radioisotopes. “Better knowledge of the 
movement and availability of plant nutrients 
and water in the soil so obtained is leading 
to the development of improved methods of 


Potential contribution of atomic energy to development in agriculture and related industries 273 


application, timing and placement of ferti- 
lizers which will result in greater efficiency 
in their use. 

The limited ability of plants to absorb 
phosphate from certain soils is one of the 
major problems of crop production. 
Chemical methods have long proven in- 
adequate for the necessary investigations, 
but isotopes are now being used to great 
advantage in studies of the availability of 
soil phosphate to plants and the mechanism 
of fixation of added phosphate. Fundamental 
knowledge of this kind can lead to sub- 
stantial economies in the use of phosphatic 
fertilizers, which are of relatively high cost 
and very widely used. It has been estimated 
in the United States of America that if the 
tobacco farmers of North Carolina use the 
information gained by research using radio- 
isotopes there would be an annual saving 
of over 100,000 Ib of phosphate fertilizer.” 
This example, it should be noted, is in 
reference to only one crop in one state, so 
that the economic implications of this type 
of work across the whole field of fertilizer 
usage are immense. 

Radioisotope studies are also leading to 
a better understanding of the mechanism 
of action of the root system, the way in 
which the feeding zone of the roots in the 
soil changes with the development of the 
plant, and the volume of soil utilized by 
various crops. The absorption and utiliza- 
tion of nutrients applied to the aerial parts 
of plants, including the trunks of trees, the 
leaves and the fruits, is also being extensively 
studied with the aid of isotopes. ‘This 
method of application of nutrients is of 
considerable interest because of the limited 
response which occurs under certain condi- 
tions when fertilizers are applied by way of 
the soil. In some cases foliar application 
has been found to be the most efficient 
method of fertilizer usage yet devised and 
it can be of particular significance during 
critical phases of development such as 
flowering or fruiting if these coincide with 
periods when soil availability of nutrients is 
at a minimum, or absorption from the soil 
reduced by low soil temperature. 

The present limited usage of fertilizers 
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in many countries of the world is almost 
entirely a question of economics, so that 
information of this nature on the ways in 
which fertilizers are used by plants and how 
they should be employed in order to ensure 
the fullest possible return from them will 
be of great significance in encouraging 
their wider use. Much more knowledge 
is also needed of the behaviour of green 
manures and on the synthesis and breakdown 
of organic matter in the soil, factors which 
are of great importance in the maintenance 
of the fertility and proper physical condition 
of the soil. All these investigations need to 
be conducted under the local soil and 
climatic conditions under which their find- 
ings will be put into effect. For many of 
those studies radioisotopes provide the best 
or only possible mode of attack. 

These new tools are also of great potential 
value in connexion with many other 
practical farming problems which are parti- 
cularly difficult or time-consuming to investi- 
gate. They make possible, for example, 
rapid determination of the moisture content 
and the density of soils, thus facilitating 
investigation of various problems of agri- 
cultural engineering such as the effects of 
tillage and harvesting machinery in com- 
pacting soil. They may also be used to 
particular advantage in studies of the rate 
and direction of movement of soil and 
irrigation water, and for such purposes as 
the detection of leakage from irrigation 
dams and the surveying of underground water 
supplies—including the determination of 
their source. 


Applications in crop production research 

It has been estimated that if better 
insecticides, fungicides and weed killers were 
available the yields of many crops in various 
countries of the world could be increased 
by at least twenty-five or thirty per cent, 
and sometimes even doubled. Radioisotope 
studies are leading to better knowledge of 
the pests and diseases that attack growing 
crops and livestock, and are playing an 
important part in the development of more 
effective methods and materials for their 
control. A particularly important finding 
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is that the adaptation of insects to such 
insecticides as DDT is in part the result of 
development of a reaction for detoxifying the 
compound. With this knowledge the prob- 
lem of acquired tolerance of insecticides 
can be approached from a fundamental 
standpoint with greater likelihood of eventual 
success in solving it. 

Radioisotopes are also being used to study 
whether the modern highly active substances 
used to control pests, diseases and weeds, 
and to accelerate crop maturity, persist in 
the soil or in treated foodstuffs intended for 
human consumption—a point on which 
information is essential before those sub- 
stances can be permitted to pass into general 
use. Some of them are used in extremely 
minute amounts, and regular chemical 
methods are not sufficiently sensitive to 
detect their residues. Isotope techniques 
are from several hundred to over a million 
times more sensitive and therefore parti- 
cularly valuable for such studies. 

Through the use of radioisotopes remark- 
able progress has also been made in the 
elucidation of the mechanism of photo- 
synthesis, the process by which green plants 
utilize energy from the sun to convert 
carbon dioxide and water into sugars, which 
are then synthesized by the plant into 
starches, fats, amino-acids and _ proteins. 
This process is the very foundation of our 
agriculture, and we are ultimately dependent 
upon it for all our food, timber for shelter, 
fibres for clothing, and for the conventional 
fuels including wood and _ the fossilized 
fuels coal and oil that have originated from 
the products of photosynthesis in long past 
ages and now provide most of our heat and 
power. Photosynthesis is without doubt the 
largest and most fundamental single chemical 
process on earth. Yet the efficiency of 
utilization of solar energy in this process in 
our major crop plants is of the order of only 
one or two per cent. With the fundamental 
knowledge of the mechanism of photo- 
synthesis that is now becoming available 
for the first time through the use of isotopes 
it may be anticipated with confidence that 
we shall eventually be able to increase the 
efficiency of this basic first step in the 


production of so many essentials for our life. 


Applications in forestry research 

Forestry also will benefit from the investi- 
gations on soil fertility, on the control of 
diseases and insect pests, and on the nutrition 
and physiology of plants in general that are 
in progress with the aid of radioisotopes. 
Much of such work is more easily carried 
out with annual crop plants, but is of course 
also directly applicable to trees. Nevertheless 
much use has already been made of radio- 
isotopes in investigations of direct concern 
to forestry, such as studies of the life history 
and overwintering habits of forest insects, 
and studies of water and nutrient movement 
in trees. An interesting example of the 
place of such translocation studies in relation 
to practical problems is provided by work 
on mistletoe in Australia, where this parasite 
is a serious menace of eucalyptus. Radio- 
isotopes are being used to obtain information 
on the efficiency of movement of toxic 
compounds from the host tree to the parasite, 
and the results of this work will be of much 
value in developing more effective methods 
of control. 

The mechanism of formation of rubber 
is also being studied with the aid of radio- 
isotopes, both in trees and in tissue cultures 
in the laboratory. Radioisotope techniques 
appear to be particularly suitable for studies 
of this nature on the basic mechanisms 
involved in the secretion of gums and resins, 
and will contribute much to the more 
efficient production of these economically 
important substances. Radioisotopes have 
also much facilitated studies of the extent 
of occurrence of root grafts, through which 
infection may pass from diseased to healthy 
trees, and are thus leading to the develop- 
ment of more effective disease control 
measures. 

It is evident that radioisotopes can make 
as significant contributions to the advance- 
ment of forestry as they can to other forms 
of crop production, although progress will 
necessarily be less rapid because of the 
longer life period of forest trees. Considerable 
use of radioisotopes is also being made in 
forest. products research, where, as one 
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example, it has permitted more precise 
study of the penetration of preservatives into 
timber, whilst they are also already being 
used quite extensively in certain industrial 
operations, as, for instance, in the control 
of paper thickness. 


Applications in livestock production research 

Radioisotope techniques are also giving 
much impetus to investigations of the basic 
problems of nutrition, physiology and patho- 
logy involved in animal production. They 
have been used, for instance, in fundamental 
studies of protein synthesis in the animal 
body, and of the biochemistry and physiology 
of lactation. They have also been very 
effectively employed in studying the efficiency 
of food utilization in animals and _ the 
possibility of partly substituting expensive 
organic feeds by less expensive inorganic 
sources. Radioisotopes are of particular 
value in studies of the metabolism of minerals 
including the micronutrients or trace 
elements which are essential for animal 
health, even though they are required in 
only extremely minute amount. 

Radioisotopes are also being used to 
study the physiology of adaptation of cattle 
to hot and humid climates. Prior to their 
availability the experimental study of the 
ability of an animal to withstand adverse 
environmental conditions was extremely 
difficult. Radioisotopes are now being used 
to aid in identifying individuals suitable for 
use as breeding stock in the development 
of new strains combining heat tolerance and 
high productivity. 

Other important uses of radioisotopes 
in connection with animal breeding include 
studies of sperm and egg metabolism, 
studies of methods of preservation and 
evaluation of semen, and studies of placental 
transfer and foetal utilization of nutrients 
and other substances of maternal origin. 

These are only a few of the very many 
applications of radioisotope techniques which 
are already being used to great advantage 
in studies in livestock production. They have 
made possible many investigations in animal 
physiology and nutrition that were previously 
quite unfeasible, and as an additional tool 
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for use with conventional techniques they 
have such value for studies in this general 
field that nearly all livestock research 
institutes will soon need to be equipped with 
facilities for their use. 


Applications in fisheries research 
Radioisotopes can also be extremely 


_ effective in the research required for fisheries 


and can thus accelerate and enhance the 
contributions of research to the development 
of world fisheries. Although the seas, 
rivers and lakes occupy about three-quarters 
of the world’s surface, they provide less 
than two per cent of the world’s food 
supplies. Nevertheless this contribution to 
human diet is most significant, for it rep- 
resents about ten per cent of the animal 
protein consumed. Every effort should 
therefore be made to increase world fish 
production. This can be achieved by 
extension and intensification of current 
fishing operations, by improved manage- 
ment of those operations and by effecting 
advantageous changes in the fisheries 
resources themselves. This programme calls 
in the first place for a more comprehensive 
investigation of those resources. In_ this 
research radioisotopes can be of particular 
help in measuring the basic production 
of water areas, in following the passage of 
nutrient material through the successive 
links of the food chains of fish of economic 
value to man, and in various other parts of 
the programme. The successful prosecution 
of such research, facilitated by the use of 
radioisotopes, will permit a better planning 
of fishing operations in order to secure more 
efficient exploitation of resources. The same 
is true for the resources of inland waters, but 
in them there is the additional advantage 
that the opportunities for intervention by 
man and for modification of the resources 
in order to increase their productivity are 
much greater than in marine waters. 


Applications in human nutrition research 
Radioisotopes also have important appli- 

cations in the field of human nutrition. 

Much knowledge gained from animal studies 


is of course applicable to man. Thus 
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work in progress on the metabolism of 
amino-acids and proteins in animals is of 
special significance in connexion with certain 
deficiency diseases in man, such as the 
very widespread protein deficiency syndrome 
which is known in Africa as Kwashiorkor 
and by many other names in other parts of 
the world. 

Use of the radioisotope techniques in 
man has been somewhat limited up to the 
present, but work has already been done in 
connexion with fat and protein metabolism 
and mineral nutrition. Such studies will 
make valuable contributions to a_ better 
understanding of the physiology of human 
nutrition. This in turn will affect the way 
in which available food supplies are utilized 
and thus will help in the development of 
adequately balanced diets which are so 
important for the maintenance of health 
and efficiency. 


Summary and conclusions 
It is evident that radioisotopes have an 
extremely wide range of applications in 


very many fields of research in agriculture, 
forestry, fisheries and human nutrition that 
will aid in the development of better 
methods of producing and utilizing food and 
other agricultural products. With the aid 
of radioisotope techniques the investigator 
can achieve results that are not obtainable 
in any other way, or can do so with greater 
precision, with greater speed, or more 
cheaply than by other procedures. It should 
be emphasized that no brief summary such 
as has been presented here can do justice 
to the immense potentialities of radioisotope 
techniques in accelerating progress in 
research in agriculture and related fields. 
Very great progress has already been 
achieved in soil fertility and crop nutrition, 
in crop production and plant protection, 
in parasite control, and in livestock produc- 
tion and nutrition, including the elucidation 
of basic physiological processes which pre- 
viously were inaccessible to all existing 
methods of research. 

In considering the use of radiation in 
food preservation and in plant breeding 
programmes reservations were made regard- 
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ing the conditions under which these new 
techniques should be employed. In the case 
of radioisotopes no such reservations are 
necessary, for they can contribute to the 
advancement of research at all levels of 
technical and economic development. 
Furthermore, they are just as valuable for 
some kinds of applied research on essentially 
practical problems as they are for some of 
the most abstruse fundamental investigations. 
Their use is therefore something from which 
all countries can benefit immediately. For- 
tunately also the financial provision required 
in order that they should do so is not unduly 
large and should present no serious obstacle 
to the introduction and wider use of radio- 
isotopes in research. 

The radioisotopes themselves and_ the 
associated equipment needed are relatively 
inexpensive and training in their use can be 
acquired in a few months. Training courses 
specifically designed for the agricultural 
research worker are not yet available on an 
international basis, but FAO is planning to 
organize such a course as soon as facilities 
are available, which will not be until 1959. 
In the meantime, agricultural scientists can 
avail themselves of standard training courses 
intended for all investigators who find it 
necessary to use radioisotope techniques in 
their research. In cases where such courses 
are not available at universities within the 
country, advantage can be taken of training 
facilities in other countries that are available 
on an international basis. In this connexion 
it is important to remember that in general 
it is not shortage of funds or non-availability 
of radioisotopes that are the limiting factors 
in the utilization of radioisotope techniques 
in agricultural research, but the shortage of 
trained investigators with experience in 
these techniques. Every effort should be 
made to remedy this deficiency. 

Countries which have a centralized and 
highly developed agricultural research service 
may find it desirable to establish a central 
institute for the application of atomic energy 
in agriculture, as has been done recently in 
the Netherlands. This will require a quite 
substantial outlay. Other countries, because 
of the way in which their agricultural 
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research has developed or is organized, may 
prefer to establish one or a few specially 
built smaller radioisotopes laboratories to 
service smaller groups of investigators on a 
local basis, as at universities or research 
stations. This can be done at quite moderate 
cost, depending on size. Thus, a suitable 
small radioisotopes laboratory building, with 
a floor area of about 100 square metres, 
could be erected for about 20,000 dollars, 
and equipment, including basic laboratory 
apparatus and special instruments, could 
be provided for about 10—15,000 dollars. 
Alternatively existing laboratories can often 


be modified quite satisfactorily and at still 
less expense. Costs need not deter any 
institution from embarking upon a research 
programme involving the use of radio- 
isotopes. 

Radioisotope techniques are not needed 
in every investigation and certainly do not 
make traditional research methods obsolete. 
In fact they will undoubtedly make their 
most effective contribution against a back- 
ground of mature experience in research. 
Nevertheless they are of such special value 
that they should be available for use in all 
investigations where they are appropriate. 


THE SIGNIFICANCE OF RESEARCH IN THE DEVELOPMENT OF 
AGRICULTURE AND RELATED INDUSTRIES 


From the foregoing chapters it is clear 
that, through the use of radioisotopes and 
radiation as research tools, atomic energy 
will play an increasingly important part in 
the development of world agricultural, 
forestry and fisheries resources. The contri- 
butions that it can make in this way to 
better nutrition and higher standards of 
living are of such far-reaching significance 
that governments will wish to do everything 
in their power to ensure that the promise 
that atomic energy holds for the welfare of 
their peoples is translated into reality without 
delay. 

This is not, however, solely a question of 
facilitating the use of these new techniques 
whenever they can appropriately be 
employed in research in agriculture, forestry, 
fisheries or human nutritional studies. Some- 
thing much more than this is needed. If 
full benefit is to be derived from these new 
techniques they must be able to take their 
proper place in a comprehensive programme 
of research that is adequate to the needs— 
and if the results of that research are to be 
put to practical use, it must be associated 
with an effective farmer-educational and 
advisory service. For many countries this 
means that if the full potential benefits of 
atomic energy are to accrue to them there 
must be a much greater awareness of the 
absolutely invaluable and irreplaceable role 
that is played by research and advisory 


services in the development of an efficient 
and productive agriculture. 

The widespread failure to appreciate the 
importance of research for agricultural 
development is largely due to the difficulty 
of evaluating the economic benefits arising 
from individual research projects. It is only 
in a few particularly favourable instances 
that it is possible to say that a specific piece of 
research has led to the development of a 
practice which results in a certain percentage 
increase in productivity, that it isin operation 
on a certain percentage of the national 
acreage, and that at current market prices 
this therefore means a certain contribution 
to the national economy. When this can be 
done the figures are often extremely 
impressive, as in the case of hybrid corn, 
which raises yields by an average of about 
thirty-five per cent, is in use on more than 
eighty-five per cent of the corn acreage in 
the United States and has increased pro- 
duction to the value of nearly one and a half 
billion dollars a year. Similarly the breeding 
of the early maturing and high quality 
Marquis variety of wheat in the early years 
of the century enabled most of Western 
Canada to be opened up for cereal culti- 
vation, and led to the development of cities 
and towns in that part of the country. This 
variety of wheat was said to be worth 100 
million dollars a year to Canada for at least 
a fifteen-year period, until it succumbed to 
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the ravages of a new strain of the rust 
disease, and then the plant breeder again 
came to the rescue with the creation of new 
disease-resistant varieties. Other examples 
of the results of research that are obvious and 
can easily be evaluated are provided by the 
notable successes that have been achieved in 
controlling epidemic diseases of livestock 
through the development of vaccines. 

Most research accomplishments, however, 
are much less spectacular, and_ therefore 
much more difficult to evaluate and much 
less appreciated. Nevertheless these smaller 
advances are cumulative, and in total very 
important, for it is the final increments in 
productivity—the result of good management 
and full utilization of improved techniques 
based on the results of research—that can 
make the difference between only just 
covering production costs or doing so with a 
substantial margin of income in hand. In 
the one case this means mere marginal 
subsistence, but in the other case it means a 
satisfactory standard of living for the rural 
worker, with sufficient purchasing power 
left over after his basic requirements for food 
are satisfied to enable him to buy the products 
of urban industry. 

Progress in agriculture is evidently accom- 
plished not only by spectacular advances but 
also by numerous small advances on many 
fronts. There is an interdependent associ- 
ation between advances in such matters as 
fertilizing practices, methods of cultivation, 
control of pests and diseases, feeding practices, 
the use of more productive strains of crops 
and livestock and various other aspects of 
farm management, all of which together 
make for a more productive agriculture. 

A healthy agriculture, developed in this 
way on the basis of research, is also a most 
important factor in general economic 
advancement. Recent studies‘*) have shown 
that throughout the world there has been 
a close interdependence between the develop- 
ment of agriculture and the development of 
industry in modern expanding economies. 
The demand for farm products is mainly 
governed by the level of national income, 
and the resulting income of farmers in turn 
helps to absorb more industrial output and 
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thus accelerates the expansion of the entire 
national economy. 

The true wealth of a country is evidently 
determined by the productive efficiency of 
usage of the resources, manpower and 
investment available to all its industries. 
Agriculture is the world’s largest primary 
industry and the improvement of its pro- 
ductive efficiency therefore deserves at least 
as much attention as does that of other 
industries. The significance of research in 
raising productivity in industry is widely 
recognized and there is no reason to believe 
that research has any lesser significance for 
agriculture. In fact the highly complicated 
biological processes that are involved in 
food production make the need for research 
in agriculture even greater than in other 
industries based on purely chemical, physical 
and mechanical processes. 

Unfortunately the need for the concurrent 
development of agriculture is not always 
recognized in countries which in their 
struggle for economic advancement are 
concentrating their attention on the develop- 
ment of industry. Yet in the United States 
of America—a country characterized by 
spectacular industrial expansion—it has been 
shown'®) that during a recent twenty-year 
period there was a rise of thirty-two per cent 
in productivity per acre for crops and a rise 
of seventeen per cent in productivity per 
breeding unit for livestock. These advances 
were attributed to the application of the 
findings of research, but it was concluded 
that notwithstanding these notable achieve- 
ments still further intensification of research, 
and particularly fundamental research, is 
needed if anticipated population increases in 
the country are to be fed at current dietary 
standards. 

Similarly in Western Europe average 
yields for cereal crops for the past five years 
are already some fifteen to twenty per cent 
higher than prewar, and the increase is 
proportionally at least as great in the more 
advanced countries such as Denmark and the 
Netherlands, where yields were already high, 
as in some of the less developed southern 
countries.1% What is particularly significant 
in this connexion is that these advanced 
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countries show no sign whatsoever of 
lessening their agricultural research efforts. 
On the contrary, some of them, following the 
lead of the United States, are already taking 
steps to apply atomic energy techniques on 
a substantial scale in their research pro- 
grammes.) 

The conclusion is inescapable that in 
developing their industrial potential the 
underdeveloped countries should pay at 

least as much attention to the development 
of their agriculture and this means also that 
they cannot afford to neglect their agri- 
cultural research and advisory services. The 
all-too-common attitude in some economi- 
cally underdeveloped countries that the only 
important consideration in this connexion 
is a fuller application of existing knowledge 
is for them particularly unrealistic, because 
most of them are located in either the humid 
tropics. or in arid and semi-arid parts of the 
world where the agricultural problems are 
particularly formidable and have so far had 
much less attention from scientists than 


has been the case in temperate climate 
countries. 
It is recognized that the governments of 


such countries, with limited financial 
resources and extreme shortage of trained 
technical manpower, have great difficulties 
in endeavouring to strike the proper balance 
between research and demonstration advisory 
services. Nevertheless in so doing it must 
not be forgotten that one of the major needs 
of arid-climate and tropical countries is 
applied research to determine how they can 
best utilize the findings of research conducted 
under other conditions, quite apart from the 
fact that their soils, crops and _ livestock 
present so many problems peculiar to those 
countries that can only be solved through 
fundamental research conducted under their 
own local environmental conditions. 

The particularly important feature of 
radioisotopes and radiation in this connexion 
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is that they can be just as valuable in applied 
research as in fundamental research. 
Research in agriculture, forestry and fisheries, 
must, because of the diffuse nature of 
these industries, be the responsibility of 
government, and only if governments 
recognize and assume that responsibility 
will those industries derive the benefits that 
atomic energy can undoubtedly bring to 
them. 

Obviously the first step in this direction is 
the training of qualified research workers, a 
process which takes many years. In the 
meantime steps should also be taken to see 
that such men have adequately salaried 
posts awaiting them on completion of their 
training, and prospects of a satisfying career 
under encouraging and _ appreciative 
conditions of service that are not inferior to 
those available in other government depart- 
ments, as is so often the case in agricultural 
departments at present. Only by so doing 
will it be possible to avoid the wastage of the 
investment in long years of training which 
results from the all-too-frequent drift of 
highly qualified workers from agriculture 
into other occupations where their specific 
scientific experience is unused. 

It is frequently suggested that shortage of 
food rather than lack of power may be the 
limiting factor in human progress in the 
relatively near future. This survey has 
shown that this need not be so. Indeed in 
the long run the contribution that radio- 
isotopes and radiation can make to increased 
production and to the more effective utili- 
zation of agricultural products may turn out 
to be just as important for our welfare as 
the more obvious and more spectacular 
contribution that atomic energy makes as a 
source of industrial power. The extent to 
which this promise materializes will depend 
upon the investment and effort that is put 
into research as a whole to ensure the most 
effective use of our resources. 
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P/47. Action of Ionizing Radiations on Aqueous 
Solutions of Carbohydrates. G. O. Puitiies and 
G. J. Moopy (United Kingdom). 


1. The degradation of carbohydrates in aqueous solution 
by ionizing radiations has been examined by several 
methods. Paper chromatographic and isotope dilution 
methods were used to identify and estimate the products. 
A consistent pattern was evident in the behaviour of 
monosaccharides, polysaccharides and sugar alcohols. 

2. D-glucose was degraded in aqueous solution by 
cobalt-60 gamma radiation and 1 MV electrons. The 
acid yield indicated that the extent and type of degradation 
was similar in both cases. Variation in glucose con- 
centration and dose rate within the limits employed did 
not influence the acid yield in vacuum or in oxygen. The 
following constituents were estimated in the solution 
irradiated under oxygenated conditions: unchanged 
glucose, D-glucuronic acid, D-gluconic acid, glyoxal, 
D-arabinose, D-erythrose, formaldehyde, saccharic acid 
and 1,3-dihydroxyacetone. The products correspond to 
more than 90% of the glucose consumed. Primary and 
secondary products were distinguished by measuring the 
rate of formation of the main products with dose. The 
results indicate three distinct types of scission of the 
glucose molecule. The irradiation of D-mannose solutions 
was examined in a similar manner. 

3. The main products formed during the irradiation of 
dextran solutions with cobalt-60 gamma radiation were 
D-glucose, iso-maltose, iso-maltotriose, D-gluconic acid, 
D-glucuronic acid, glyoxal, D-erythrose and D-glyceralde- 
hyde. These products are considered to arise from at 
least two independent processes: (a) hydrolytic cleavage 
to give D-glucose, iso-maltose, iso-maltotriose, while 
secondary reactions involving the glucose formed give 
rise to erythrose, glyoxal and glyceraldehyde; (b) the 
formation of D-gluconic and D-glucuronic acids. 
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4. Aqueous solutions of D-sorbitol on irradiation in 
oxygen gave D-glucose, L-gulose, D-arabinose and 
L-xylose, and also secondary products formed from these 
compounds. The yield/dose curves for the main products 
indicate that the hexoses are the primary products. 

5. All the irradiated carbohydrate solutions showed a 
characteristic absorption at 265 my. Evidence is presented 
that this is due to the presence of 1-3-dihydroxyacetone 
formed by isomerization of D-glyceraldehyde. 


P/51. The Effects of Fast-electron and Pile Irradia- 
tion on Polyphenyls at High Temperatures. 
W. G. Burns, T. F. Wittrams and W. (United 
Kingdom). 


1. Published information has indicated that the poly- 
phenyls are possibly the most stable organic fluids for use 
as coolant-moderators in reactor systems. Since available 
data on their resistance to radiation damage were by no 
means self-consistent, an intensive programme of irradia- 
tions of the lower polyphenyls has been undertaken. 

2. Biphenyl, ortho-, meta- and para-terphenyls and a 
commercial mixture of these (Santowax-R) have been 
subjected to fast electron beams and to irradiation in 
the graphite-pile Bepo at temperatures between 250 and 
400°C. Gas production and polymer formation were 
measured and in some cases the changes in a variety of 
physical properties were studied. No great differences of 
stability were observed amongst these compounds. The 
initial yields of gas and polymer increased with rise in 
temperature, the effect on gas production being more 
pronounced. On continued irradiation the instantaneous 
rate of polymer formation decreased. Striking decreases 
were produced by the deliberate addition of polymer, 
suggesting that the latter contained a protective agent. 

3. The two types of radiation did not produce equivalent 
effects. Differences in relative amounts of products were 
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observed. The initial radiation yields of all products 
were markedly greater using pile radiation. These yields 
increased more rapidly with rise in temperature than did 
those obtained with electron irradiation. The concept 
that equal energy inputs from differing types of radiation 
cause equal damage does not seem to hold for this class 
of compound. 

4. The thermal decomposition of para-terphenyl and 
Santowax-R has been studied at temperatures of 420 to 
470°C. Observations on the effect of certain metals on 
the decomposition of Santowax-R, and of its compatibility 
with these metals, will be described. 

5. The effects of increasing degrees of irradiation on the 
thermal and flow properties of para-terphenyl and 
Santowax-R were determined over a wide range of 
temperature. Typical data will be presented. 


P/63. The Effect of Ionizing Radiation on Solid 
Catalysts. E. J. Grmson, R. W. CLarke, T. A. DoRLING 
and D. Porr (United Kingdom). 


1. One of the more attractive ways in which ionizing 
radiations might be used in chemical industry is for the 
treatment of solid catalysts. If a single moderate dose of 
radiation can be made to produce a change in the catalyst 
which results in a long-lived enhancement in catalytic 
activity, or an improvement in selectivity, then a signifi- 
cant reduction in catalyst cost per unit of product might 
be achieved. 

2. Oxides would appear to be the most promising 
catalysts for an initial study of this possibility, and this 
paper presents some results obtained during a study of 
the irradiation of iron oxide catalysts with the gamma 
radiation from cobalt-60. The main interest has been in 
the use of these catalysts for reactions involving carbon 
monoxide and hydrogen. 

3. It has been found that after a dose of gamma radiation 
of the order of 1 to 5 x 107 rep, some iron oxide catalysts 
show a long lived increase in activity for the synthesis of 
hydrocarbons from carbon monoxide and hydrogen at 
280°C and 10 to 20 atmospheres pressure. The increased 
activity persists to the end of the tests, some of which 
lasted 300 hours. The product obtained using the 
irradiated catalyst did not differ significantly from that 
obtained using the untreated catalyst. 

4. However, not all iron oxide catalysts for this reaction 
can be affected in this way, and some differences between 
the catalysts are discussed. 

5. Measurements of electrical conductivity, oxo-electron 
emission and other properties have been carried out on 
some of the catalysts tested, and the information so far 
obtained is discussed in relation to the catalytic activity of 
the samples. 


P/66. The Effect of Irradiation on the Keeping 
Quality of Fish. J. M. SHewan and J. Liston 
(United Kingdom). 


1. Results are discussed of two recent experiments designed 
to test the usefulness of irradiation in fish preservation. In 
the first, in which a 4 MeV cathode ray apparatus was 
used, a variety of species, haddock, cod, ling, lemon sole, 
mackerel and herring including kippers, was treated at 


doses from 0-25 to 3-5 million rads and the effect on the 
sensory characteristics of the fish assessed by a trained 
taste panel. It was concluded that low dose levels were 
the most suitable for fish, cod and lemon sole being the 
least affected. 

2. In the second experiment, only cod fillets packed in 
polythene bags were used, these being irradiated, with 
a cobalt-60 source of gamma rays, at levels of 0-25, 0-5, 
and 1-0 million rads. One additional batch of fillets, 
irradiated at 0-25 million rads, was dipped in 20 p.p.m of 
chlortetracycline for 30 minutes prior to irradiation. 
Control and irradiated fillets were stored at both 0° and 
15°C and samples examined by the sensory, chemical 
and bacteriological methods usually employed to follow 
the spoilage changes in stored fish. 

3. The most significant feature of the results was the 
enhanced effect produced by the combined antibiotic and 
irradiation treatments. Thus after 2 days at 15°C only 
the latter fish were acceptable to the taste panel; while 
at 0°C the controls were approaching inedibility 9 days 
after irradiation, and those subjected to 0-25, 0-5 and 
1-0 million rads by the 13th day. The irradiated, anti- 
biotic dipped fish, on the other hand, were still edible on 
the 23rd day. There seemed, however, to be little 
correlation between these sensory changes and _ the 
chemical data (the amounts of total volatile bases and 
trimethylamine in the flesh). The numbers of bacteria on 
the surfaces of the fish were at first considerably reduced 
by irradiation. After two days at 15°C however, the 
counts were as high in the irradiated fish as in the controls, 
only the antibiotic-irradiated samples remaining low. 
Similar results were obtained at 0°C. Thus both initially 
and during storage the controls had counts of about 10° 
to 107 per sq. cm of surface. The irradiated samples at 
the beginning of storage had values of less than 10° per 
sq. cm, but these increased during the 23 day storage 
period to about 108 per sq. cm while the samples subjected 
to both irradiation and the antibiotic never exceeded 10°. 
Qualitative analyses of the flora showed that irradiation 
produced a marked reduction in the Pseudomonas types 
present and since these are believed to be mainly 
responsible for spoilage it is perhaps not surprising that the 
combination of antibiotic and irradiation should result in 
such enhanced keeping quality. 


P/127. Steel Corrosion in the Presence of H,S- 
J. J. Pornr (Belgium). 


The presence of H,S accelerates the corrosion of steel. 
According to some authors, this is due to hydrogen 
induced embrittlement. The details of the corrosion 
process are not known, however, and the behaviour of 
some steels, as regards H,S corrosion, is different from 
what it is with respect to hydrogen. According to some 
authors, the possible diffusion of sulphur between the 
joints of the grain (which is made apparent in some 
specific instances), is the main phenomenon. 

Since the situation was rather confused, the author 
resorted to tracers in order to clarify the mode of action 
of H,S. He used S*5 (for a study of the internal and 
superficial distribution of the sulphur) and radioactive 
cations (for the purpose of localizing the cathodes and 
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anodes). The use of D,S in kinetic studies also is being 
considered. 

The paper consists of three parts: (1) the experimental 
techniques are described, particularly, (a) suitable equip- 
ment for high specific activity H,S corrosion under tension, 
with protective devices. 

(b) Direct counting methods by means of high resolving 
power collimated counters 

(2) A study is made of the H,S corrosion in an aqueous 
de-aerated acid medium, of alloy free steels recrystallized 
at 700°C following critical hardening. 

A set of tests revealed: 

(a) The formation of microcathodes and the precipita- 
tion of FeS on these microcathodes 

(b) The formation (only in the presence of H,S) at the 
level of these microcathodes, of internal bubbles of 
hydrogen parallel to the surfaces of the sample (minimum 
metal deformation work). These occasionally extend to 
the surface of the metal and are internally covered with 
a layer of sulphur. 

The acceleration of the corrosion seems to be due, in 
that case, to the precipitation of the sulphur at the level of 
point-size cathodes (where the pH is higher than that of 
the solution as a whole). Sulphide increases the activity of 
the cathodes and promotes the diffusion of atomic hydro- 
gen through the mass of the metal. 

(3) a study is made of the corrosion of samples placed 
under tension by water saturated gaseous H.S. 

In that case, when S** is used, in addition to sulphur 
containing shallow pits, large cracks are noted, all of 
which have a section parallel to the surface of the sample, 
which also contains sulphur. If these cracks had developed 
from superficial pits, they would not have any section 
running parallel to the surface of the sample. It is sub- 
mitted, much rather, that these cracks be interpreted as 
being due to the formation of internal hydrogen bubbles 
parallel to the surface of the sample. Under the influence 
of the tension, it is believed that these cracks would extend 
perpendicular to the direction of the drawing force. As 
they reach the surface, it is believed that they would 
become covered with a layer of sulphur. Similar results 
are obtained in the case of corrosion without any 
tension. 

Some tests are under way in order to show, by means 
of radioactive tracers, the effect of the nature and distri- 
bution of the carbides, and to conduct certain kinetic 


studies. 


P/189. Activation Analyses of Interest to Atomic 


Energy Programmes. R. E. Jervis and W. D. 


MackINTOSH (Canada). 


This paper will describe methods developed at Chalk 
River for investigating: 

(i) the impurities of high neutron absorption cross 
section in aluminium, nickel and zirconium alloys for 
reactor component construction and fuel-element 
sheathing, 

(ii) the trace metals associated with corrosion “‘pits”’ 
observed with reactor-grade aluminium exposed to 


stagnant water, 
(iii) the elements associated with surface defects occur- 
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ring in fuel plates extrusion-clad with aluminium, and 

(iv) the natural-uranium content of reactor materials, 
of heavy water which has been in contact with sheathed 
uranium fuel elements, of Pu-239, and of U-233 produced 
by reactor irradiation of thorium. 


P/276. The Irradiation of Pharmaceutical Products. 
T. Horne (United Kingdom). 


1. The suitability of radiation as a means of sterilizing 
pharmaceuticals has been investigated. The pharma- 
ceuticals, all of British Pharmacopoeia or equivalent 
quality, were dispensed in ampoules in the form in which 
they are normally presented, and were treated with gamma 
radiation at two dose levels: 2:5 x 108 rad, i.e. about that 
required for sterilization, and at a higher level 25 x 108 
rad. 

2. It was found that the antibiotics, as a class, lost little 
in potency after a dose of 2-5 x 10° rad. The changes in 
many cases even at the higher dose level were within the 
limits of experimental error. 

3. The organometallic compounds examined were 
seriously affected by 2-5 « 10® rad. Mersalyl acid (dry 
powder) showed marked discolouration. In the British 
Pharmacopoeia injection there was a drop in pH; the 
solution turned yellow brown and mercury was liberated. 
Sodium antimony] gluconate (dry powder) was discoloured 
and had an odour of caramel after 2-5 x 108 rad. 

4. Of the alkaloids studied, ergometrine maleate showed 
discolouration of the powder with a progressive lowering 
of the melting point. The injection solution was more 
adversely affected than the powder and the pH of the 
solution progressively increased. Assay of morphine 
sulphate following irradiation at 2-5 x 10® rad showed no 
apparent change, but a bright yellow colour developed. 
The injection solution also turned yellow, and showed a 
decreased optical rotation. Atropine sulphate was also 
discoloured and the apoatropine content was increased 
above the limits allowed by the British Pharmacopoeia. 
Procaine hydrochloride, the only local anaesthetic studied, 
showed virtually no change on assay even after 25 x 10° 
rad, but developed a yellow-brown colour. 

5. Crystalline insulin showed a significantly lower potency 
after 2:5 x 10® rad. Hyaluronidase was also markedly 
decomposed at this level but heparin (powder) was not; 
a solution of heparin was more adversely affected. Simple 
injection of insulin and of protamine zinc insulin showed 
a fall in pH, discolouration and almost complete loss of 
potency after 2-5 x 106 rad. The potency injection of 
cyanocobalamin (vitamin B,,) was reduced from 1,000 mcg 
/mg to 148 mcg/mg after a dose of 2-5 x 108 rad. 

6. Progesterone showed some discolouration, and a 
decreased optical rotation although melting point and 
light absorption were unchanged. Paper chromatography 
of the irradiated solid gave only one spot with the solvents 
used. 

7. An examination of talc showed that the colour and 
alkalinity were unaffected at both levels of irradiation, 
but a significant increase in the acid soluble matter was 
noted. 

8. Of the substances studied, many show only slight loss 
in potency, but would be unacceptable by the standards 
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of the British Pharmacopoeia, owing to colour changes. 
9. This programme was carried out in collaboration with 
the Department of Pharmaceutics, University of London, 
and with a working party set up by the Association of 
British Pharmaceutical Industry. 


P/309. The Recovery of Radio Krypton from 
Dissolver Waste Gases by Fractional Extraction 
in Solvents. R. W. E. 
H. J. pE Norpwa tu and F. C. W. Pummery (United 
Kingdom). 


1. The use of solvents for scrubbing out soluble gases 
from mixtures is well known but the separation of mixtures 
of relatively insoluble gases has not been studied very 
closely. The method has probably not been used for the 
permanent gases because these have low solubilities 
(generally <0-5 volume/volume) and so the gas/liquid 
flow ratio is very low (in direct opposition to the normal 
practice in gas/liquid columns), and recovery of the 
solvent from the waste gas is expensive. A special case 
occurs however when small quantities of valuable gases 
occur in a mixture of less soluble gases. The mixture 
nitrogen, oxygen, argon, krypton, xenon and nitrous oxide 
which constitutes dissolver waste gas is a pertinent 
example. The last three have an abundance of 1% or 
less and the required products are krypton (stable and 
radioactive) and xenon (stable). The solubilities of 
nitrogen, oxygen and argon in carbon tetrachloride are 
<0-35 v/v and those of krypton, xenon and nitrous oxide 
are >1 v/v and so the obvious first step is to separate the 
first three from the last three components, leaving final 
separation of the wanted gases to a separate system. A 
successful plant has been constructed and will be described 
together with its results. 

2. In principle the system is similar to any two phase 
extraction system, but differs from the normal gas/liquid 
column in having a low gas flow and continuous liquid 
phase, and from a normal solvent extraction column in 
having bottom reflux. With low gas flows back diffusion in 
a continuous gas phase would be very disadvantageous and 
so a continuous liquid phase was used. In this case steady 
operation with low gas flows requires considerable care 
and control. The feed concentration of the required 
product gases is low, and the effective separation factors 
are comparatively low. This requires an efficient reflux 
system at the foot and the reflux ratio must be high. 

3. The column used was 6 ft long by 14 inches in diameter 
and was packed with } inch porcelain rings. At total 
reflux the plate heights were about 18 inches for all gases. 
With feed at the centre we have achieved 200 fold 
depletion of krypton at the top of the column and 10 fold 
enrichment at the bottom under conditions of compara- 
tively low reflux ratio. Further experiments are in hand 
which will give the output as a function of length and 
reflux ratio. It has been confirmed that large-scale 
separation can be achieved in a reasonable size of plant, 
and the present plant is being used to dimension such a 
system. 

4. Equations have been derived for the behaviour of each 
component on the assumption that each gas has the same 
plate height. The calculation is complicated by the fact 


that the flow rate (of gas in both phases) is not constant 
along the length of the column but increases towards the 
foot due to the accumulation there of the more soluble 
components. This also leads to maxima in the concen- 
tration gradients of all gases in the mixture except those 
of greatest and least solubility, an effect which can only 
occur to any large extent in mixtures of more than two 
components having widely different solubilities. 


P/700. Plutonium-Beryllium Neutron Sources, Their 
Fabrication and Neutron Yields. A. S. CorrinBERRY 
and R. E. Tarte (U.S.A.). 


An investigation of the plutonium-beryllium phase 
diagram demonstrates the suitability of these alloys and 
most particularly the intermetallic compound PuBe,, for 
stable neutron sources. These sources are superior to 
polonium-beryllium sources in respect to stability of 
neutron yield as a function of time, and the predictability 
of neutron yield as a function of mass. The gamma ray 
emission of plutonium-beryllium sources is very much less 
intense than that associated with radium-beryllium sources 
of corresponding neutron strength. 

The neutron yield is discussed in terms of the micro- 
structure and in terms of the relative distribution of 
plutonium isotopes. Properties of the compound PuBe,; 
pertinent to source fabrication and a method for pre- 
paring suitable material are described. Designs of 
cylindrical and spherical containers suitable for magnetic 
handling are presented. A technique for encapsulating 
the neutron-emitting material and testing the integrity of 
the resulting source is described in detail. 


P/722. Temperature Independent Isotope Effects in 
Chemical Exchange Equilibria Involving Linear 
Molecules. JAcos BiGELEISEN (U.S.A.). 


The temperature independent factor of the equilibrium 
constant of an isotopic exchange reaction arises from the 
classical contribution to the quantum mechanical partition 
function. It consists of a symmetry number factor and a 
ratio of vibrational frequencies of the isotopic molecules. 
Only those vibrational frequencies whose Boltzmann 
arguments, hcw/kT, are greater than 27 can contribute to 
the temperature independent factor. For exchange 
reactions occurring above room temperature only stretch- 
ing frequencies are to be included in the ratio of vibra- 
tional frequencies. 

In a linear molecule containing n atoms, the 3n—5 vib- 
rations can be divided into n—1 stretching vibrations and 
n—2 doubly degenerate vibrations. The n—1 stretching 
vibrations are in the same symmetry class, &+, with the 
translation of the whole molecule along the direction of 
the internuclear axis. It is shown that the product rule 
for this symmetry class suffices to reduce the temperature 
independent factor in either the equilibrium constant, 
partition function ratio or free energy function to a 
simple function of the symmetry numbers, and atomic and 
molecular weights. The temperature independent con- 
tribution to the equilibrium constant for an isotopic 
exchange reaction between linear molecules is a function 
of the symmetry numbers and molecular weights alone. 
Applications of this theorem are made to the calculation 
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of equilibrium constants, to systems involving isotopic 
isomers and to deviations from the rule of the geometric 
mean. A simple physical interpretation to the origin and 
evaluation of the temperature independent factor can be 
given in terms of the entropy associated with the trans- 
lation of a particle in a box. 

The application of the theorems derived to rate 
processes is pointed out. 


P/794. The Effect of Gamma Radiation on the 
Partial Oxidation of Propane. Joun L. LieEBENTHAL, 
Lyte F. AtBricut and ALEXANDER SESONSKE (U.S.A.). 


The effect of gamma radiation on the partial oxidation 
of propane with oxygen was studied in a Pyrex glass 
tubular reactor. Experimental runs were made in and 
out of a cobalt-60 source which provided a gamma field 
of about 250,000 roentgens per hour; at feed gas tem- 
peratures of 350, 375, and 395°C; at residence times in 
the reactor of 2, 5, and 10 seconds; and at mole ratios of 
propane to oxygen of 3: 1,5: 1and10:1. Peroxides, 
methanol, formaldehyde and acetaldehyde were found by 
mass spectrograph analysis to occur in significant quantities 
in all runs; however, radiation had a large effect on the 
yields of each. Other products detected in at least some 
runs include ethanol, isopropanol, acetone and various 
acetals. Radiation at mole ratios of 5:1 generally 
increased the yields of peroxides, methanol, formaldehyde, 
and acetaldehyde, but decreased the amounts of oxides of 
carbon at the following conditions: 

(1) Contact times less than 6-8 seconds 

(2) Temperatures of 375°C and especially 350°C 
The aldehyde yields in particular were increased in some 
cases by as much as 100 to 200%. 

Experimental runs at 10 seconds contact time and at 
350 and 375°C indicated that radiation decreased the 
peroxide yield, but increased the yields of methanol, 
formaldehyde and acetaldehyde. The yields of oxy- 
genated products increased as the propane—oxygen ratio 
increased from 5:1 to 10:1 and in some cases as it 
decreased from 5:1 to 3:1. Apparently there are at 
least two distinct mechanisms by which oxygenated 
products are formed. Both mechanisms were modified by 
the radiation probably because of the additional free 
radicals formed. 

Radiation has previously been found to increase the 
rate of some free radical type reactions. The temperature 
profiles of the gases passing through the reactor used here 
indicated a faster rate of heat release for the irradiated 
runs, and hence a faster rate of reaction for at least the 
preliminary reactions of partial oxidation. Comparisons 
of the product analyses also verified this observation. 

Since radiation increases both the rates of reaction and 
yields of oxygenated products of commercial interest, it 
may find industrial applications for partial oxidation. 


P/799. The Effect of Irradiation Sterilization on the 
Nutritive Value of the Protein and Energy Com- 
ponents of Foods. B. Connor JOHNSON (U.S.A.). 


The effect of y-ray irradiation at levels of 3 to 6 million r 
on the nutritive value of various foods has been studied. 


The data indicate that irradiation at 3 or 6 million r, 
and in the case of corn 10 million 7, has little harmful 
effect on the digestibility or biological value of the proteins 
of beef, peas, beans, corn, or wheat. Milk proteins were 
somewhat more sensitive, the biological values decreasing 
by 8% after 10 million r irradiation. In no case, however, 
are the irradiation effects on the nutritive value of the 
protein significantly different from the effects of heat 
sterilization. 

Amino acid analyses by the Moore-Stein column 
method indicate that, in general, at 3 to 6 million r 
cystine and methionine are the amino acids most sensitive 
to irradiation (10-20°, destruction). In milk irradiated 
at 10 million r, however, glycine was most unstable, 
being 43% destroyed, while methionine and histidine 
were 20% destroyed. 

A method involving the use of three diets of different 
composition and three simultaneous equations was used 
to study the effect of irradiation sterilization on the 
metabolizable energy of carbohydrate, fat and protein. 
It was found that the levels of irradiation used (3 to 10 
million r) had no effect whatever on the metabolizable 
energy contributed by the energonic components of the 
diet. 

Long-term feeding experiments have confirmed the fact 
that certain irradiation-sterilized foods are satisfactory for 
optimum growth and maintenance of rats for periods of 
over a year. 


P/805. The Conversion of High Energy Radiations 
to Stored Chemical Energy. D. S. BALLANTINE, 
A. Gunes and D. J. Merz (U.S.A.). 


When free radicals are generated in organic liquids and 
gases through interaction with high energy radiations, the 
radicals are free to migrate throughout the bulk of the 
material and to initiate reactions such as rearrangements, 
polymerizations and the like, depending on the nature of 
the material. Likewise, during their migrations, the free 
radicals will eventually terminate in pairs, so that at the 
cessation of the irradiation the free radical population 
rapidly decays to zero. However, if a solid organic 
material is irradiated, many of the larger radicals generated 
because of their immobility, will not be capable of mutual 
termination with other radicals. Thus, after the cessation 
of irradiation, a population of trapped free radicals will 
have been formed. The density of the population and 
its half-life will depend on the total dosage of irradiation, 
the nature and degree of crystallinity of the irradiated 
material, the temperature and the environment of the 
material during and subsequent to irradiation. 

Studies have been conducted on the formation, storage 
and utilization of trapped free radicals formed by the 
gamma-ray irradiation of various solid vinyl monomers 
and also polyethylene. In general it is found that the 
temperature of the monomers must be maintained 
sufficiently low during the irradiation so as to prevent 
polymerization. Thus, in the case of acrylamide, no 
measurable polymerization will occur if the irradiation is 
conducted below —18°C. Subsequent to irradiation, if 
the temperature is allowed to approach 25-35°C, violent 
reaction occurs, with the instantaneous liberation of the 
heat of polymerization, sufficient in many cases to raise 
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the temperature to well over 250°C in a matter of 2-3 
seconds. Samples of irradiated acrylamide that have been 
stored at dry ice or liquid nitrogen temperature for 
periods of a month or more have reacted in similar 
fashion. Electron paramagnetic resonance studies have 
indicated free radical concentrations of 10-4 to 10-* moles 
per litre after irradiation at liquid nitrogen temperature 
for dosages of 25 million rad. 

Results and effects similar to these have been noted 
when various liquid monomers were irradiated as frozen 
solids at dry ice temperature. 

When polyethylene is irradiated in the absence of 
oxygen even at room temperature stable trapped free 
radicals are produced which may be stored, at room 
temperature, for 6 or 7 months with only slight change in 
their activity. Electron paramagnetic resonance studies 
have been employed to obtain relative values of the 
radical population produced as a function of the degree 
of crystallinity of the polyethylene, temperature of 
irradiation, total dose, dose rate, and storage temperature. 
Briefly, the results seem to indicate that the more stable 
trapped radicals are produced within the crystalline 
domains of the polyethylene, and that, as the temperature 
is raised, favouring molecular mobility, fewer stable 
radicals remain. Also, if oxygen is present during or after 
the irradiation the free radical population is severely 
reduced. The effect is greater as the crystallinity of the 
polymer decreases and hence the diffusion rate of oxygen 
increases. 

These trapped free radicals in polyethylene have been 
utilized to initiate polymerization reactions. Since the 
free radicals which are present are polymeric radicals, 
the subsequent polymerization gives rise to the formation 
of graft (or block) copolymers. Good correlation between 
the kinetics of the graft copolymerization reaction with 
styrene monomer and electron paramagnetic resonance 
studies on radical populations have been obtained. 


P/806. Chemical Changes in Meat Induced by 
Gamma Irradiation. D. M. Dory, O. F. Barzer, 
J. B. Fox, Jr., R. A. Sirwinsxi, Ltoyp A. Wirtinc 
and B. S. ScuweicertT (U.S.A.). 


When raw meat is subjected to sterilizing dosages of 
gamma irradiation, certain undesirable changes in odour, 
flavour and colour occur. To determine objectively the 
nature of these changes, and to establish the basic chemical 
reactions that may be related to these changes, extensive 
investigations have been made on the chemical modifica- 
tions induced in meat by gamma irradiation. 

Raw beef that has been irradiated at dosages of 5 x 105 
rep to 8 x 10® rep has a higher pH, less glutathione, 
less glycogen, more hydrogen sulphide, more methyl 
mercaptan, a greater carbonyl content, and somewhat 
different pigments than non-irradiated meat. The nature 
and extent of most of these chemical changes are influenced 
by the fat content of the meat, the time and temperature 
of storage prior to irradiation dosage, and the storage 
time and temperature after irradiation. 

Only a small percentage of the total carbonyl com- 
pounds produced during irradiation of meat is of lipide 
origin; however, more than twenty different carbonyl 
fractions have been separated from irradiated meat fat, 
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and nine individual carbonyl compounds have been 
identified in the volatile fraction from irradiated lard. 
Although it appears unlikely that these carbonyl com- 
pounds are directly responsible for the off-odour of irradi- 
ated meat, they may well combine with other compounds 
formed during irradiation of meat to form complexes 
which do not contribute significantly to the off-odour and 
flavour. 

The principal changes in the meat pigments during 
irradiation are apparently the formation of oxymyoglobin 
and the production of a green pigment with a spectral 
absorption maximum at 615 my. However, the nature 
and extent of the pigment changes are dependent on the 
irradiation dosage and the amount of oxygen present. 
Under some conditions the globin fraction may be modified 
and the heme ring ruptured. At dosage levels of 5 megarep 
or less in the absence of oxygen the pigment changes in 
raw meat are not particularly undesirable from a practical 
standpoint. 


P/822. Europium-155 as a Source in Portable Radio- 
graphic Devices. James S. Ropertson (U.S.A.). 


The problem of obtaining radiographs suitable for 
diagnostic interpretations in locations remote from 
adequate power supplies leads one to look to the gamma- 
emitting radioisotopes as possible substitutes for X-ray 
machines. Energetic gamma emitters such as cobalt-60 
have been used successfully in industrial radiography. In 
order to achieve the necessary contrast, however, in 
radiographic work with human beings, gamma rays of 
much lower energy are required. 

Of the known isotopes which emit gamma rays no more 
energetic than 250 kilovolts, only the use of thulium-170 
has been extensively explored. The disadvantages of 
thulium are: (1) a half-life of only 127 days; (2) only 
10% of the disintegrations yield gamma rays; (3) it 
emits a 0-97 mev f- ray, giving troublesome bremsstrah- 
lung; and (4) it is not produced carrier-free. 

Europium-155 offers advantages in each of these 
respects: (1) a half-life of 1-7 years; (2) 100% of the 
disintegrations yield 85 or 99 kilovolt gamma rays; 
(3) the B- energy is only 0-25 meV and (4) at least in 
principle it can be produced carrier-free. Europium-155 
is produced from samarium-154 by the (n, y—f) reaction. 
The production of europium-155 is relatively difficult 
because some of the other isotopes of samarium have very 
large neutron capture cross sections. Europium-155 itself 
also has a large neutron capture cross section, resulting in 
its ‘‘burn-up” in a reactor. The use of magnetically 
separated samarium-154 as the target material, a high 
neutron flux, and a short in-pile neutron activation time, 
however, makes the production of europium-155 feasible. 
The europium-155 can be separated from the samarium- 
154 by a column exchange method and the recovered 
samarium can be reused again and again, so that any 
desired quantity of europium-155 can be built up. 

Millicurie quantities of europium-155 have been 
produced in exploratory runs, using the BNL research 
reactor and the MTR as thermal neutron sources. 
Radiographs made with these sources are comparable in 
quality with those made with thulium-170 sources. These 
radiographs are suitable for much of the diagnostic work 
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that has to be achieved under emergency field conditions, 
but it is not as good as is achieved with the best X-ray 
techniques. It seems possible that the quality may be 
improved if special films are used. 

Shortening of the exposure time to clinically useful 
periods will require sources of several curies’ strength. 
Because europium-155 can be produced carrier-free, even 
these high intensity sources will be essentially point sources, 
an important feature in determining the resolution obtain- 
able. Current studies are directed toward methods of 
handling the more intensely active sources and toward 
improvement of the efficiency of the chemical separation 
of the europium-155 from the samarium-154. 


P/832. The Use of Radioisotopes for the Measure- 
ment of Interfacial Area. J. C. BREsEE and C. V. 
CuesTer (U.S.A.). 


A method for direct determination of an interfacial area 
by measuring the rate of reaction between a radioisotope 
in one phase and a radiation-sensitive substance in the 
second phase has been developed. It is based on the fact 
that, if the particle emitted by the radioisotope has a 
short range, the reaction is restricted to the vicinity of the 
interface. If the minimum dimensions of the second phase 
are large compared with the range of the particle, the 
reaction rate is directly proportional to the interfacial area. 

The measurement of interfacial area is important in 
many scientific and engineering fields. For example, in 
the analysis of mass transfer operations, there is usually no 
way to separate the effects of diffusional resistances at an 
interface from the effects of the interfacial area available 
for mass transfer. Instead, a combination of the two factors 
must be deduced from the overall transfer performance. 
Current methods of interfacial area measurement are 
largely indirect, most of them depending on high-speed 
photography or light transmission. 

To test the radioisotope method experimentally, a 
survey of short range particle emitters and detection 
reactions was made. Per unit cost of delivery of short- 
range particle energy to an interface, Po-210 was the most 
satisfactory isotope. Both chemical (e.g., the oxidation of 
ferrous ions and radiolysis of chlorinated hydrocarbons) 
and nuclear reactions were considered for particle 
detection. A nuclear reaction was selected owing to its 
much greater sensitivity and convenience. 

The experimental system was an aqueous solution of 
polonium-2 10 nitrate in contact with a liquid fluorocarbon. 
The fluorine atoms underwent an «,n reaction at the 
interface, and boron trifluoride tubes external to the 
contactor detected neutrons and therefore measured the 
interfacial area. 

The higher oxygen isotopes in the aqueous solution also 
underwent an «,n reaction and provided a background 
counting rate. The absolute counting rates for the two 
an reactions (for a polonium solution concentration of 
1 curie/litre) were for fluorine approximately 10 neutrons 
per minute per square centimetre of interface and for 
oxygen approximately 100 neutrons per minute per 
millicurie of polonium in solution. 

The proposed method has the advantage of being 
direct, adaptable to remote operations, and capable of 
being applied to opaque systems. It has the limitations of 


being applicable only to two phase systems with extreme 
immiscibility, requiring materials of construction upon 
which radioisotope selective deposition or plating will not 
occur, and imposing stringent requirements on the 
containment of radioactivity. 


P/920. The Radiation Sensitivity of Crystalline 
Choline Chloride. RicHArp M. Lemmon and Rospert 
O. Linpsiom (U.S.A.). 


Crystalline choline chloride [(CH,),NCH,CH,OH]+ 
Cl-, is extremely sensitive to ionizing radiation and 
appears to decompose by a free-radical chain mechanism. 
Its G value (molecules decomposed per 100 eV of input 
energy) ranges from 100 to 1000, depending on the 
method of irradiation (fast electrons, gamma rays, or C!4 
beta particles). The principal products of the irradiations 
are trimethylamine and acetaldehyde. In solution, in 
contrast with the crystalline state, choline chloride shows 
no unusual radiation sensitivity. 


P/922. The Radiation Chemistry of Fluorinated 
Organic Compounds. P. Y. Fenc (U.S.A.). 


Although organic fluorine compounds have exceptional 
physical and chemical properties, development of their 
application is often limited by practical difficulties with 
synthesis. Much of the difficulty is a direct consequence 
of the high reactivity of the fluorine and the high stability 
of the C-F bond. Metathetical reactions, if possible, 
would provide a convenient route for the preparation of 
the fluorochemicals. It is the purpose of this paper to 
show that such reactions are possible with nuclear tech- 
niques and to present fundamental information on the 
radiation chemistry of organic fluorine compounds. 

Halogenated organic compounds are generally con- 
sidered to be rather radiation sensitive. For example, on 
the basis of the diphenyl picryl hydrazy] radical scavenger 
method, organic chlorine compounds have been found to 
be an order of magnitude more radiation sensitive than 
the corresponding hydrocarbons in spite of the comparable 
strengths of the C-H and the C—Cl bonds. The radical 
yields of organic bromides and iodides are comparable 
with those of the chlorides although the bonds are weaker. 

Organic fluorine compounds are of particular interest 
because of the very strong C-F bond and the large electron 
affinity to the fluorine atom. We have studied a series of 
selected fluorine compounds in both the pure state and as 
mixtures. The methods used included scavengers, polymer 
degradation and product analysis. The results show that 
organic fluorine compounds are considerably more stable 
than their other halogen counterparts and compare with 
the hydrocarbons in radiation sensitivity. Such behaviour 
is explained by the fact that dissociative electron attach- 
ment is possible for C-Cl, C-Br, and C-I bonds but not 
for C-F bonds with electrons of thermal energy. In 
addition, the very strong electron-seeking character of 
fluorine serves to rule out any significant contribution to 
the radiation sensitivity of fluorine compounds due to the 
inductive effect. 

A comparison of the radical yield results and the 
product analysis shows that reactions such as 


CF, + C,H, > C,H,F (or C,H;CF,) + CHF, (or HF) 
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cannot be explained by radical processes alone. A number 
of possible mechanisms, including the formation of ionic 
intermediates are discussed. 

Studies of organic halogen compounds containing more 
than one halogen atom are also reported. The data are 
examined from the viewpoint of Burton’s statistical 
principle and the effect of chemical structure is discussed. 


P/939. Decomposition of Aqueous Solutions by 


a-Particles. B. Senvar and Epwin J. Harr 
(U.S.A.). 


Scavenger studies are presented which support the free 
radical theory of water radiolysis for the case of cylindrical 
diffusion (1). G(H,O,) and G(I,) are reported for 
potassium iodide solutions at pH of 4-0 irradiated by 
3-4 MeV a-rays. G(H,O,) decreases rapidly from 1-30 to 
0-64 as the potassium iodide concentration increases from 
0-001 to 0:10 M. Hydrogen peroxide decreases because of 
the scavenging action of the iodide ions for hydroxy] free 
radicals. The two competing reactions are: 


OH + OH = H,O, 
OH + I- = OH- +1 


This decrease in G(H,O,) follows Fricke’s theoretical 
curves for free radicals distributed initially according to a 
cylindrically symmetrical Gaussian function (2). The 
above radical-radical and radical-scavenger reactions are 
assumed to take place during expansion of the cylinder. 

As a result of these reactions, iodine is formed so that 
the sum, G(H,O,) plus G(I,), is equal to 1-3 for potassium 
iodide concentrations up to 0-1 M. In 1:0 M potassium 
iodide, peroxide cannot be detected. G(I,) and G(H,) 
each become 1-60 under these conditions. The addition 
of 2 « 10-§°M iodine to the potassium iodide solutions 
does not affect the peroxide or iodine yields. 

Hydrogen, hydrogen peroxide and oxygen yields have 
been measured for oxygen-free pure water irradiated by 
our external beam of x-rays. Under conditions of low 
total doses, G(H,O,) is 1-28, G(H,) is 1-45 and G(O,) is 
0-10. The hydrogen peroxide yield is substantially higher 
and the oxygen yield lower than the yields reported by 
Anta and Lefort (3). 

The Po?'® source, mounted on a tantalum disk, is in a 
brass cylinder having a }-inch opening. This opening is 
sealed with a thin mica window and the air is replaced 
by helium. The x-particles from this source irradiate a 
solution through a }-inch mica-covered hole in a silica 
cell. This solution is stirred continuously during irradia- 
tion. Gas analyses are carried out in a Van Slyke apparatus, 
and iodine and hydrogen peroxide are measured by tri- 
iodide ion absorption at 3500 A. For the cases of iodide 
solutions, the peroxide yields are corrected for the thermal 
reaction between hydrogen peroxide and iodide ion. The 
standard ferrous sulphate dosimeter has a yield, G(Fe**++), 
of 4-7 for these 3-4 MeV «-particles. All yields are based 
on this value. 


1. Fricke H., Ann. N.Y. Acad. Sci. 59, 567 (1955). 
2. Fricke H., Unpublished work. 
3. Anta M. C. and Lerort M..J.Chim. Phys. 51, 29 (1954). 


P/948. Radiation Chemistry in Rigid Materials. 
Max S. MatuHeson and BERNARD SMALLER (U.S.A.). 


This paper deals with radiation chemical effects in 
rigid noncrystalline systems mostly at low temperatures. 
Special emphasis is centred on the use of a rigid matrix 
to trap reactive fragments, which are then identified and 
studied by special techniques. Where pertinent, results 
will be compared with those obtained on the same 
compounds irradiated at other temperatures and in other 
phases. 

A most fruitful approach is to examine irradiated 
materials for electron spin resonance (ESR). The hyper- 
fine structure of ESR helps identify the radical or ion 
produced, and gives information on the electronic structure 
of the fragment. Gordy and co-workers have examined 
X-irradiated alcohols, amines, amides, mercaptans, carb- 
oxylic and hydroxy acids, and have identified certain 
radicals including methyl and ethyl. Smaller and 
Matheson have systematically irradiated alkanes and 
alcohols, and have observed the methyl radical and 
resolved the ethyl radical ESR spectrum in greater detail. 
Many other radicals including the allyl radical were 
identified by them, and shown to give evidence for hyper- 
conjugation. Comparison of the resonance data with the 
known radiation chemistry of the compounds studied 
generally showed agreement, and showed decomposition 
by specific mechanisms in spite of the energies involved. 
Drahman, Anderson and Alger also found ESR data 
showed specific H-atoms lost from irradiated alcohols. 

Shields, Ard and Gordy found hyperfine structure in 
the paramagnetic resonance spectra of certain irradiated 
polymers. Schneider, Day and Stein, and Combrisson and 
Uebersfeld have also examined ESR in irradiated poly- 
mers. In polymers radicals are immobilized and observ- 
able even at room temperature. 

Normal H-atoms were observed in acid-water glasses by 
Livingston, Zeldes and Taylor, contrasting with abnormal 
H-atom splitting observed in ice by Matheson and Smaller. 
Ghormley has found a resonance in irradiated glassy “‘ice.”’ 

Nuclear magnetic resonance was used to study irradiated 
polymers by Fuschillo and Sauer and by Fujiwara and 
others, while Duchesne and Monfils followed changes in 
nuclear quadruple resonance in irradiated -dichlor- 
benzene. 

A gas passed through an electric discharge and frozen 
on a cold finger may trap radicals. Herzfeld and Broida 
have identified excited N-atoms and Livingston has 
probably found HO,. 

For light absorption studies of unstable species most 
irradiations have been with light. Symons and Townsend 
believe the violet species in ethanol is CH,CHOH both 
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in U.V. and y-irradiated alcohol. For ultimate products 
Hornig and Willard find G values higher in glassy than 
crystalline alkyl iodides. Dewhurst has shown simpler 
radiation chemistry for n-hexane at 77°K than for liquid 
at 25°C. 

The extensive literature on irradiation effects in poly- 
mers published by workers such as Charlesby and Doel 
will be summarized only for conclusions as to chemical 
reactions and not for physical property changes. 
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Further details and contributions will be given in the 
full paper. 


P/984. Micro-Scale Isotope Abundance Analyses by 
Neutron Activation. E. MERz and W. HERR (Federal 
Republic of Germany). 


The highly sensitive neutron activation analysis method 
combined with quantitative chemical microanalysis has 
become a powerful tool for problems of isotope abundance 
determination. The method is especially valuable when 
only microgram amounts of materials are available. This 
is especially the case in certain minerals and meteorites 
containing trace elements whose isotopic composition has 
been altered as a result of natural radioactivity or nuclear 
reactions caused by cosmic radiation. 

As examples, investigations dealing with the elements 
(1) hafnium, (2) osmium, (3) tungsten, (4) ruthenium, 
and (5) bromine are presented, and the efficacy of the 
activation method is demonstrated by a comparison of the 
results with those obtained from mass spectrometry. 

(1) It was shown that in a gadolinite, a rare earth 
mineral, the trace of hafnium present to an extent of 
10-4% has a considerable enhancement of 17*Hf, the 
decay product of the B- active !7*®Lu. Comparison of the 
neutron-induced and activities in the HfO, 
from the mineral with those in standard samples yielded 
a \*®Hf abundance of 44-2% in the former, in comparison 
with the normal 5-2% of the latter. The mass spectro- 
metric analysis, which in this case required a much larger 
sample, was in good agreement. 

(2) In rhenium-containing minerals there is always 
radiogenic !87Os, often in high isotopic purity, in con- 
centrations of 10-7 to 10-2%. Even when only a few 
micrograms of Os can be isolated, the !*7Os abundance 
can be deduced from the reduction in specific activity of 
191Qs and 1*8Os, as compared to standard samples, upon 
activation by neutrons. Application to numerous minerals 
has enabled us to evaluate the decay constant of 18’Re 
and to determine geological ages. The half-life of this 
nuclide, which incidentally is the lowest-energy f-emitter 
known, lies in the limits 5-5 to 6-8 x 101° years. 

(3) In search of evidence for the f--decay of the 
presumedly unstable 1°°Ta, the tungsten from tantalites 
was examined radiometrically for enhancement of 18°W. 
Comparison activations, using a cascade-generator neutron 
source, showed identity between the isolated WO, and 
normal samples. 

(4) In addition, the question of constancy of the isotopic 
composition of the trace element ruthenium from meteoritic 
and terrestrial materials was investigated in the same 
manner. 

(5) Finally, abundance determinations of the bromine 
isotopes in samples subjected to electrolytic fractionation 
were made by radiometric assay of the neutron-induced 
80Br™ and ®2Br activities. The results were in good agree- 
ment with mass spectrometric control measurements. 
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P/1123. An Improvement on the Age-determi 
by the Method. A. E. pe Vrigs and A. Harinc 
(Netherlands). 


The age-determination of samples containing 14C has 
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been improved by increasing the specific activity in a 
known way in a thermal diffusion column. 

The sample is converted to CO prior to enrichment 
and a suitable quantity of gas is withdrawn from the 
bottom of the column when the !4C and the 18O con- 
centration have been increased sufficiently. From the 18O 
abundance the enrichment of the 14C, which is not the 
same, is obtained. 

Samples have been enriched by a factor of 12 in the !4C 
concentration which means a gain of about 20,000 years 
in the age determination. 


P/1213. A Study of Some Free Radical Reactions 
Induced in Aqueous Solutions by Cobalt-60 y-Rays 
J. Surron, M. Gittors, C. GALLETAuD and H. Le Bar. 
(France). 


Aerated and de-aerated solutions of the potassium and 
sodium salts of the radical-anion peroxylamine disulphon- 
ate (SO3;~),NO in N/10 or N/5 sodium bicarbonate buffer, 
pH 8-1-8-4, have been irradiated with ®°Co y rays at dose 
rates of 1-6. 10?! and 7. 1074 eV/1/h. The initial rate of 
disappearance of the compound as calculated from the 
decrease in the absorption band intensity, measured at 
5450 A (E = 20-9) or at 2400 A (E = 1685) according to 
the initial concentration, depends linearly on the dose ab- 
sorbed, but varies regularly with the initial concentration. 

The corresponding values of the initial yield of dis- 
appearance (—G, molecules/100 eV absorbed in the 
solution) plotted against the initial concentration as 
abscissae give curves with three plateaux (de-aerated) and 
two plateaux with a probable third (aerated solutions). 
These plateaux lie within slightly different concentration 
limits for the two cases, and the —G, values for corre- 
sponding plateaux on the two curves are not identical. 

The results may be explained in terms of (a) the various 
reactions which (SO,~),NO may undergo with the 
products of radiolysis of water and (b) the hypothesis 
that these products are scavenged by the peroxylamine 
disulphonate in three stages depending on the concentration 
of this scavenger (the hypothesis of R. M. Noyes J.A.C.S. 
77, 2042 (1955)). 

Three stages are (1) reaction with the radicals which 
diffuse from the track into the medium, (2) reaction with 
the radicals which normally recombine in the track, and 
(3) reaction with radicals which normally have not 
enough energy to escape from the cage in which they are 
formed. The totality of these radicals, as measured by 
radiolysis of water vapour, leads to a value of —Gu,o = 
11-7 + 0-6 (Firestone, R. F. J.A.C.S. 1957 79, 5593) 
which is in excellent agreement with the value of —G, = 
23-2 (assuming two scavenger radicals disappear for each 
molecule of water decomposed) obtained from the third 
plateau in the de-aerated solution. 

Aerated solutions of formic acid at concentrations 
0-25 N and 2:5 N and at various pHs have been irradiated 
with cobalt-60 y-rays. The pHs were adjusted by addition 
of NaOH or Ca(OH),. The existence of H,O, was noted 
from the beginning of the irradiation and from doses of 
about 5.10?! eV/l the presence of oxalic acid was 
observed. The yield of this compound varied with the pH, 
the maximum values being obtained in the region of 
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neutrality where Gy,c,o, was about 0-5 molecules/100 eV. 
Below pH 3-9-4-0 oxalic acid was not found. In the 
solutions containing calcium, calcium oxalate was pre- 
cipitated together with calcium carbonate. Small quan- 
tities of formaldehyde were also observed. 

The results can be interpreted in terms of the recombina- 
tion of COOH radicals formed by the action of H and 
OH radicals, produced by the radiolysis of water, on 
formic acid. 

In order to examine the possibility of recombination of 
free radicals coming from two different compounds in an 
aqueous phase, dilute solutions of formic acid saturated 
with benzene have been irradiated with ®Co y-rays. In 
the absence of air at pH | diphenyl is formed (G = 0-025), 
at pH 5 the product is phenol (G = 0-05), and at pH 
values between | and 5 phenol (O < G < 0-05), diphenyl 
(O < G < 0-025) and benzoic acid (G < 0-005) are found. 
At pH = 2:2 there is formation of H, and CO, in equiva- 
lent amounts with G = 3-2. 


P/1231. New Applications of Radioisotopes in 
France. P. Levegue, J. BriLLAnT, R. Hours, P. 
MartTINELLI, S. May and J. SANDIER (France). 


I—By measuring the transmission of a flat beam of 
thermal neutrons, the moisture content of a parallele- 
piped on shaped soil sample can be measured to +4% 
and the moisture gradient along the longitudinal 
axis determined. The method permits the determina- 
tion of chemically bound water and the measurement 
of diffusion coefficients of water into low hydro- 
genated materials. 

II—By measuring the intensity of fluoroescence excited 
by f-radiation it is possible to determine the thickness 
of metal coatings of less than 20 yw for metals of atomic 
number less than 40. This method has been applied 
to chromium, manganese, iron, cobalt, nickel, 
copper and zinc. By using a suitable metal filter it 
is possible to measure coating thicknesses of metals 
differing by only one atomic number from the 
supporting material. 

III—By employing labelled cement it is possible to deter- 
mine the extent of movement of cement grout used 
for soil stabilization and impermeabilization. 

IV—The kinetic of ion exchange of different ultramarines 
in aqueous solutions were studied by tracing the 
movement of labelled ions in the solution or in the 
exchanger. Values of the diffusion coefficients and 
activation energies were determined from the 
exchange studies. 


P/1286. A Chemical Analysis by Means of Differ- 
ential Absorption of the 8 Particles Emitted by 
Sr-y®. A. SanreLeviciand J. FRIEDLANDER (Roumania). 


The starting point is the method for the determination 
of the H/C ratio in liquid hydrocarbons, based on a 
difference between the absorption coefficients applicable 
to H and C respectively. A study then is made of the 
conditions which allow for an evaluation of the concentra- 
tions of other chemical elements which might be present 
in a liquid or solution, through a variation in the absorp- 
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tion coefficient of the latter, as compared to that of a 
standard liquid. 


P/1350. Effects of y-Radiation on Polymer Reactions 
IcHtRO SAKURADA, SEIZO OxAmMURA 
InaGAKI (Japan). 


(1) Vinyl polymerization 
(a) G-values of two components mixtures: 


The relationship between G-values of mixtures and 
those of the components is an interesting problem for the 
study of the solution polymerization. The G-values of 
benzene-carbon tetrachloride mixture were determined by 
the usual DPPH method and found that the sensitization, 
which was pointed out by Chapiro™) in a few cases, 
occurred in this case. The sensitization may be quanti- 
tatively attributed to the energy transfer from benzene to 
carbon tetrachloride. 


(b) Rates of the solution polymerization of styrene in 
carbon tetrachloride: 


The Nikitina—Bagdasaryan’s theory’) on the energy 
transfer, which is based on somewhat inadequate assump- 
tions was corrected and the energy transfer coefficient of 
the two components was calculated to be about 303). 
G-value of carbon tetrachloride was calculated by the 
new kinetic equation and a value of 35 was found, which 
agreed with the DPPH value (33). 


(c) Degrees of polymerization in the solution poly- 
merization of styrene in carbon tetrabromide: 


Neither Chapiro’s theory nor Nikitina’s one can 
explain the experimentally found change of DP with the 
concentration. A new equation was deduced taking into 
account the difference of radical reactivities between a 
monomer and solvents. 


1/P = (kerlky) + (1/Po) ([Mo]/LM]) 
{1 2c (1) 


where k, and k,’ are the termination rate constants of the 
reactions (M- + M-) and (M: + S-) respectively, n nearly 
unity and ¢ nearly (k;,/k,), V’ and V,’ the rates (wt % 
per hr.) of solution- and bulk-polymerization respectively. 
The experimental results were in good agreement with 
equation (1). 

(2) Degradation of polymers 

(a) Nylon: 

The nylon monofil (35 denier) was irradiated in the 
nitrogen atmosphere and in air. The changes of the 
relative viscosity in conc. sulphuric acid were measured 
and compared with the changes of the tensile strength 
and the elongation of the irradiated samples. The viscosity 
increase in the nitrogen atmosphere may be attributed to 
the change in the amorphous region of the monofil. 

(b) Polyvinylalcohol: 

The influence of the atmosphere of irradiation on the 
change of molecular weight was small in this case, as 
compared with the case of nylon or silicones. It is remark- 
able that the swelling in water decreases considerably in 
spite of the lowering of the molecular weight. 
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(c) Polymethylmethacrylate: 


The degradation rates were independent of the frag- 
ments of catalysts combined to the polymer molecule. It 
was confirmed‘®) that the degradation took place more 
easily in vacuum than in air. Degradation experiments 
were carried out also in solution'?) using solvents of 
different G-values. An equation was derived, which 
represents the relation between the apparent G-values and 
the G-value of the solid polymer. 


Cuapiro A. etal. J. Chim. Phys., 52, 645 (1955); 54, 341 
(1957). 

. Nixitina T. S., BAGDASARYAN Ku. S. Sym. on Rad. 
Rad. Chem. (Moscow) (1955); MeEpvepev S. S.; 
J. Chim. Phys., 52, 677 (1955). 

. Oxamura S., Furamr S. and MANABE T. J. Chem. Soc. 
Japan 60, 853 (1957). 

. Prevot-Bernes A., CHAPIRO A., Cousin C., LANDLER 
Y. and Macat M. Disc. Faraday Soc., No. 12 p. 98 
(1952). 

. Cuapiro A. J. Chim. Phys., 47, 747 (1950). 

. Watt L. A. and Brown D. W. J. Phys. Chem., 61, 
129 (1957). 

. Watt L. A. and Macat M. J. Chim. Phys., 50, 308 
(1953); HEeNGLEIN A., Boysen M. and ScHNABEL W. 
Z. Phys. Chem., Neue Folge 10, 137 (1957). 


P/1403. Decomposition of Water Under High Energy 
Radiations. AuGusTINE O. ALLEN and Haro.p A. 
Scuwarz (U.S.A.). 


At the previous Geneva conference several reports were 
devoted to water radiolysis or closely related topics. Not 
all the observations were satisfactorily explained. Develop- 
ments of the last two years allow a more complete under- 
standing. Barr and Allen find that the “‘H atom” produced 
by the reaction H, + OH = H + H,O behaves differ- 
ently from the ‘‘H atom”’ formed from water by radiolysis. 
In particular, the product of oxidation of H, reacts with 
H,O, much less readily than the reducing radical form 
water radiolysis. Obviously at least one of these entities 
must be something other than a simple hydrogen atom. 
In water, radicals are quite likely to exist in acidic or 
basic forms corresponding to loss or gain of a proton. 
Possible entities to be considered here are the solvated 
electron, which may be regarded as the basic form of H, 
and the much-discussed acidic form H,+. In neutral 
water the radical lifetime may be too short to allow 
equilibrium to be established between acidic and basic 
forms, so that these species react independently. Recogni- 
tion of two kinds of “‘H atom” is shown to explain other 
hitherto anomalous features of the radiation-chemical 
kinetics in solutions of hydrogen peroxide, hydrogen and 
oxygen. 

Another new development is the establishment by 
E. J. Hart and N. Miller of direct formation of the radical 
HO, in the charged particle track at high ion density. 
In water radiolysis at high ion densities, the net yields of 
the three decomposition products H,, H,O, and O, can 
now be calculated in good agreement with experiment. 
When pure water is irradiated, the rates of formation of 
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the three products depend, 4. a given radiation quality, 
only on how the products compete for reaction with 
radicals, and hence only on the ratio of concentrations of 
the different products present. Thus if » and x are the 
respective concentrations of O, and H,Qg,, dy/dt = f,(9/x) 
and dx/dt = f,(y/x) or dy/dx = In the 
decomposition of pure water the boundary condition is 
that x = y = 0, when¢ = 0. The origin then becomes a 
singular point of the equations, and it is shown that under 
these conditions the only valid solution is of the form 
y/x = constant. Thus O, grows together with H,O, right 
from the start, even though O, is a secondary product 
derived from the H,O,. If hydrogen peroxide, oxygen or 
hydrogen are initially added to the water, or if the gases 
are allowed to escape from the water during irradiation, 
the boundary conditions are changed and instead of linear 
growth various other forms of reaction kinetics appear. 
Quantitative agreement with published results has been 
obtained by solution of the equations with appropriate 
boundary conditions. 


P/1516. Chemical Changes Induced in Organic 
Systems by Ionizing Radiation. F. S. Darnton, 
N. Mitter, W. H. Srarrorp and G. A. Swan 
(United Kingdom). 


Part I: The radiolysis of benzyl alcohol and triethylamine 

(G. A. Swan, P. S. Timmons, D. Wright) 
1. The yields of benzaldehyde, benzylphenylcarbinol, 
dibenzyl and meso- and DL-hydrobenzoins when pure 
(4C) benzyl alcohol is irradiated with ®°Co y-rays have 


been determined by the use of the isotopic dilution method. 
The results suggest that on irradiation benzyl alcohol can 
decompose into two different pairs of free radicals, namely, 
(a) C,H;CH OH + H- and (b) C,H;CH,: + -OH. Equal 
amounts of meso- and DL-hydrobenzoins are formed by 
irradiation of a solution of benzyl alcohol in acetone. 

2. Irradiation of pure triethylamine causes the formation 
of meso- and DL- 2 : 3-bisdiethylaminobutane, presumably 
via dimerization of the radical CH, CH N(C,H;),. When 
it is irradiated in the presence of bromobenzene, diethyl- 
aniline and diphenyl are also formed. 


Part II: The radiation chemistry of chlorinated methanes and 
ethylenes 

(W. H. Stafford, H. W. W. Ehrlich, W. Miller, W. Taylor) 
3. The products formed when CCl,, CHCl, and CH,Cl, 
and solutions of alkanes, benzene and toluene in CCl, are 
irradiated with ®°Co y-rays have been identified and the 
yields of the major products have been estimated. The 
results are consistent with a mechanism which includes the 
following reactions: (i) Homolysis of the C-Cl bond in 
the primary act, (ii) H-atom abstraction by chlorine 
atoms, (iii) dimerization of free radicals, (iv) internal 
rearrangement of alkyl radicals, (v) addition to, and 
substitution of, aromatic nuclei by Cl atoms and CCl, 
radicals. When cis- and trans-1-2-dichloroethylene are 
irradiated HCl and polymers are formed; vinyl chloride 
is polymerized but no HCl is produced; and tri- and 
tetra-chloroethylenes form mainly low molecular weight 
products. The effect of temperature, dose and dose-rate 
on the yields of the various products is discussed. 
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Part III: Radiolysis of and Cg_ alkanes in the 
gas phase 
(N. Miller, R. A. Back) 


4. The early stages (0-05 to 1% decomposition) of the 
radiolysis of some n-alkanes induced by *42Cm and *!°Po 
a-particles and by X-rays have been quantitatively 
investigated using refined techniques of product analysis. 
Only minor differences are observed between the X- and 
x-ray induced reactions, in both of which initial yields of 
unsaturated products are surprisingly high. The ‘sca- 
venging’ action of these products for hydrogen atoms and 
free alkyl radicals which are simultaneously formed is 
important since (a) it causes a ratio of the yields of the 
unsaturated to the saturated products to decrease as 
reaction proceeds and (b) it may modify the conclusions 
to be drawn from experiments in which other scavengers 
are added. 


Part IV: Ferric chloride as a radical scavenger in the radiolysis 
of organic systems 
(F. S. Dainton, E. A. Cherniak, E. Collinson, G. M. Meaburn, 
D. Walker) 


5. Ferric chloride is soluble in a wide range of organic 
single and multi-component liquid systems (excluding the 
alkanes) and in certain organic solids; in all of which it 
reacts rapidly with hydrogen atoms, simple and polymeric 
free radicals (denoted by R) according to the equation: 


R- + FeCl; ~ RCI + FeCl,. 


Spectrophotometric methods have been used to measure 
G(—Fe(III)) or G(Fe(II)) for dilute solutions of FeCl, 
over a range of concentrations in a variety of organic 
media irradiated with ®°Co y-rays on ®°Sr-®°Y B-rays. The 
results are discussed in relation to recent published work 
on the radiation chemistry of organic substances. 


P/1517. Primary Products in the Irradiation of 
Aqueous Solutions. J. H. BAXxENDALE, F. S. Darnton, 
N. MILter and J. (United Kingdom). 


Part I: Aqueous solutions of mono- and tri-chloro acetic acids 
(E. Hayon, J. Weiss) 


1. The products of irradiation (X-rays, 200 kV) of dilute 
deaerated aqueous solutions of (a) mono- and (b) tri- 
chloracetic acids which were determined are respectively 
(a) chloride, glyoxalic acid, formaldehyde, hydrogen and 
hydrogen peroxide and (b) chloride, hydrogen carbon 
dioxide, carbon monoxide and hydrogen peroxide. In 
aerated solutions of monochloracetic acid, glycollic acid is 
also formed. The yields, and their dependence on solute 
concentration over a wide range and pH, strongly suggest 
that the transiently formed ‘polaron’ (= H,O-) may 
contribute significantly to the chemical change e.g. in a 
reaction of the kind: H,O- (polaron) + Cl CH, COOH 
— Cl- + CH,- COOH. These results are discussed 
particularly with regard to the possible precursors of the 
free radicals (H + OH) formed in the irradiation of 
water. 


Part II: Radical and molecular yields in H,O solutions of 
acrylamide irradiated with ®Co-rays 
(D. Armstrong, E. Collinson, F. S. Dainton) 


2. The effects of concentrations of acrylamide (A.M) 
polyacrylamide, hydrion and ferric ion on G(H,) have 
been measured. No maximum value of G(H,) was 
observed, but the maximum in G(H,O,), at [A.M] > 
~10-3M was confirmed. Measurements of G(H,), 
G(H,O,), G(H + OH), and G(D,), G(D,O,), G(D + 
OD) at [AM] > 10-3 M where increasing solute concen- 
tration causes marked reductions in molecular yields in 
both H,O and D,O indicate that (a) G(—H,O) = 
G(—D,O) = 4:5 + 0-24 (b) G(D) > G(H), G(OD) > 
G(OH), G(D,) < G(H,), G(D,O,) < G(H,O3), (c) the 
predicted value of G(Fe III) for 0-8 N H,SO, in D,O is 
17-2. These and other results in this system are discussed 
in relation to the primary processes in H,O and D,O. 


Part III: Yields in irradiated aqueous solutions of acetic acid 
(J. H. Baxendale, J. K. Thomas, T. W. Woodward) 


3. When dilute acetic acid solutions in 0-1 N H,SO, alone, 
or in the presence of added hydrogen peroxide or oxygen 
are irradiated, the yields of the various products are those 
to be expected from the primary product G values. In 
the range pH 4 to pH 6 the G(H,) values indicate that 
G(H) is smaller than at pH 1. The values of G(H,O,) in 
the presence of oxygen are higher than expected. These 
differences are attributed to the presence of some species 
which will decompose H,O,, from H,O, from O,, but 
unlike H atoms in acid solution, will not give H, on 
reaction with acetic acid. 


Part IV: Radical yields in irradiated aqueous solutions 
(D. M. Donaldson, N. Miller) 


4. Measurements have been made of the yields of H,, O., 
CO, and Fe?+ induced by ®Co y-radiation in aqueous 
solutions containing formic acid, Fe*+ and Cu?+ ions, in 
the presence and absence of oxygen, at different pH’s. 
The results indicate (i) the dependence of the radical 
yield on the concentration of ‘scavenger’ which may be 
sufficiently large to destroy radicals which would otherwise 
combine to form molecular products, and (ii) the depen- 
dence of pH of the ratio of the rate constants for the 
reactions of H with HCOOH and Cu?**. 


P/1591. Radioactive Well-logging in Horizontal 
Boreholes for Prospecting for Potassium Salts. 
J. Czusex, B. L. JuRKIEWICcz, J. KRZUK, 
J. T. OwstaK, K. PrzEWLockr and 
A. ZuBER (Poland). 


Because of low gain (60-70%) of bore-core by drilling 
the horizontal boreholes in the parts of the salt-dome (in 
the mine at Klodawa) where potassium salt beds are 
present, it was advisable to apply some geophysical 
method which might give the geologist necessary informa- 
tion about the accurate location of the discovered beds, 
their thickness, chemical composition, industrial value, 
etc. The only method which could be applied here was 
the radioactive logging (natural y- and f-ray logging and 
n-y logging). 
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For the investigation of boreholes 66 mm in diameter 
drilled in horizontal direction to about 200 m the authors 
had applied an apparatus set consisting of: (1) a probe 
device with GM-counter, (2) an integrating circuit with a 
self-registering milliammeter, (3) an oscilloscope, etc. 

We must take into account that the halo of neutrons 
surrounding the neutron-source in rock salt or sylvinite is 
of much larger dimensions than in carnallite (slowing- 
down length for moderating 4-6 MeV neutrons to the 
energy of 1 eV for NaCl is 39 cm, for KC]—45 cm, while 
for carnallite—only 9-2 cm, and for water pausa—6-6 cm). 
Slow neutrons are absorbed in chlorine media very 
strongly (the diffusion length in all salts mentioned above 
is about 1 cm, in water—2-:9 cm). Due to strong absorp- 
tion of slow neutrons in chlorine salts, we observe rather 
high rate of pulses deriving from the secondary gamma 
radiation independently of the distance between the 
centre of the GM-counter and the neutron source (the 
length of the probe). The presence of water in a chlorine 
medium causes the reduction of the value of the slowing- 
down length and therefore we should expect the increase 
of the intensity of secondary y-radiation in measurements 
with the probes of small length (in our case less than 30cm), 
and the decrease—in measurements with long probes. 
Thus we can discriminate potassium salts of KCl-type 
from potassium salts containing chemically bound water, 
like carnallite etc. 


P/1613. Use of Radioisotopes in Studies of Ground 
Water Flow—I. Laboratory and Field Experiments 
on the Suitability of Various Tracers. E. HAevy, 
A. Nir, S. MANDEL and Y. Harpaz (Israel). 


The suitability of various radioactive isotopes for 
ground water tracing was investigated in a series of 
laboratory experiments. Isotopes investigated were I1*! 
(KI as carrier), Zn®> (in versene), Cl®® (as NaCl) and 
Ir!92 (Ir+++ in versene and IrCl** with cobaltinitrite as 
carrier). A small scale field experiment was performed 
using I'#!, Ground water in a limestone aquifer was 
traced between two wells, 50 metres apart. The results 
permitted the determination of some hydrological charac- 
teristics of the aquifer. The radioactivity was detected 
with a large volume liquid scintillator, having a sensitivity 
of 2 x 10-!° curie/1 of 


P/1614. Use of Radioisotopes in Studies of Ground 
Water Flow—II. On the Characteristics of the 
Shape of Tracer Pulses. A. Nir and E. HALevy 
(Israel). 


Several theoretical approaches to the problem of 
ground water tracing are analysed. Characteristics of 
pulse shapes resulting from two different simple models 
are summarized and compared with laboratory results. 
General conditions for the validity of both models are 
then proposed, dependent on flow velocity, aquifer 
geometry and effects of molecular diffusion. 

Examples for the calculation of pulse shapes and model 
experiments for the investigation of aquifer characteristics 
are given. 


P/1617. On the Mechanism of Oxidation of Aerated 
Ferrous Sulphate Solutions by Gamma Rays. 
Y. and G., Srern (Israel). 


The radiation-induced oxidation of ferrous salts is one 
of the best investigated reactions in radiation chemistry. 
Most of the investigations concentrated on the problem of 
using this system as a chemical dosimeter, and on the 
accurate determination of the G-values obtaining at 
different acid concentrations. On the other hand, the 
mechanism of oxidation, the intermediates involved and 
the dependence of the yield on the pH have not been 
elucidated conclusively. 

In a previous paper!) such a mechanism had been 
proposed, and it was shown that some of the conclusions 
reached were valid only for a narrow range of conditions. 

The present study has shown that if the pH of the 
solution is changed whilst the ionic strength is kept 
constant, or alternatively, if at a constant pH the ionic 
strength is varied, conditions obtain that permit to 
elucidate both the pH dependence of the ferric ion yield 
and some steps of the mechanism. 

It was thus found that the initial yield of ferric ion at 
constant ionic strength is dependent on the pH; this pH 
dependence is therefore not due to a back-reaction of the 
ferric ions formed. Linear dependence of the yield on the 
dose was found in the initial stages for all pH values 
between 1-2 and 3:2. The pH dependence of the initial 
yield indicates two regions in which the yield decreases 
with increasing pH. The first stage (at about pH 1-5) 
can be correlated with the pH dependence of the primary 
radical yield; the second region of decrease (at about 
pH 2:8) is attributed to the dissociation of the HO, radical. 
This study thus gives results in agreement with the known 
dissociation constant of the HO, radical. 


1. Rice, Stem G. and WeErss J., Proc. Roy. Soc., A211, 375 
(1952). 


P/1820. Tracing Sand Movement Under Water with 
Radioactive Silver A. and S. 
Corpetro (Portugal). 


The method that makes use of radioactive silver, Ag-110, 
for studying the movement of sea sands was applied for 
the first time in a large scale along the Portuguese coast, 
to the north of Cape Mondego, as a part of the investiga- 
tions to study the removal of sands in the port of Figueira 
da Foz. We describe the general outlines of the experi- 
ments and we mention some of the results obtained. We 
used 4 tons of sand labelled with only 800 millicuries of 
Ag-110. Besides the direct search in the sea, this method 
allows extraction of the radioactive isotope from samples of 
sand taken in strategical places, thus obtaining a sensi- 
bility of over 100 times higher than that given by the 
direct method. We prospected a zone with an area of 
about 20 km? and observed a displacement speed of the 
sand of about 500 m per day. 


294 Abstracts of Papers 


P/1954. Groundwater Studies by Using Radioactive 
Hydrogen (Tritium). H. V. BurrLar and I. Wenpt 
(Federal Republic of Germany). 


The natural, i.e. the tritium content in the atmosphere 
caused by cosmic radiation, is in the order of magnitude 
T/H = 10-8. The tritium occurs in form of water and 
can be detected in rainwater samples. Experience has 
shown that after the explosion of a H-bomb, the tritium 
content in rainwater can increase by the factor 100. 
This enrichment in the atmosphere decreases again with 
a half-life of about 40 days (Libby, 1957). Thus all rain- 
water which fell during a period of 40 days after a H-bomb 
explosion is characterized by its increased content of 
tritium. 

Similar activity peaks are to be found, analogously to 
the temporal sudden increase and decrease of tritium 
content in rainwater, in the groundwater flow, however, 
with a certain time lack of the peak maximum in com- 
parison to that of the rainwater. The time necessary for 
the groundwater to get from the location of precipitation 
to the sampling well can be calculated from this time 
lack. 

Such measurements were carried out near Carizozo/New 
Mexico. The location is a valley partly surrounded by 
mountain ranges. In the base of this valley, several wells 
for the water supply of the town of Carizozo are located. 
From numerous small wells at the slopes of the mountains, 
which normally serve as watering places for cattle, water 
samples were taken every two to three months over a 
period of two years, and their tritium content was deter- 
mined. During the period of observation a peak of 
tritium content occurred in all wells and the velocity of 
groundwater could be calculated accordingly. 


P/1981. Experiments With Artificially Radioactive 
Sands as Tracers of Shelf Sediment Movement. 
Douctas L. (U.S.A.). 


The mechanics of sand transportation under the 
influence of wave action was studied using artificially 
induced radioactivity in the sand, which effectively tags 
the sand and does not constitute an apparent health 
hazard. A sample of naturally occurring quartz sand is 
taken from the area of study, subjected to slow neutron 
irradiation, and then reintroduced into the area. The 
movement of the quartz is traced by sampling the sediment 
and assaying for radioactive particles with photo sensitive 
paper. 

It was found that phosphorus-32 is the principle radio- 
isotope formed from the slow neutron irradiation of 
natural quartz sands. Phosphorus, which occurs as a 
minor impurity in the order of hundreds of parts per 
million in quartz, makes an ideal tracer because: (1) 
phosphorus-32 is a low level beta emitter, which lends 
itself to ready detection; (2) it does not constitute an 
apparent health hazard when used near populated 
beaches; and (3) the hydraulic properties of the sand 
remain unchanged after irradiation. Since each radio- 
active quartz particle can be detected on photo sensitive 
film, the sensitivity of the assay is limited only by size of 
sample and size of film. Single irradiated quartz particles 


could easily be detected when mixed with about one 
million inactive particles. Phosphorus-32 has a half-life of 
14-6 days, and irradiated quartz particles could be 
detected for several months. 

Field experiments, in which approximately 900 grams 
of irradiated quartz sand was reintroduced on the sea 
floor off Scripps Beach, showed that the dispersal of sand 
by wave action was more rapid than expected, and that 
the movement of this small amount of sand could be 
followed for about 7 to 24 hours. The irradiated sand 
was released by divers and samples were obtained on a 
grid at time intervals of }, 1, 3, 7, and 24 hours, and 
several days later. At the point of introduction the water 
was 10 feet deep and the surface waves were about one 
foot high. The waves caused the sand to spread in an 
elliptical pattern with an elongate onshore-offshore axis. 
The sampling indicated that the 900 grams of irradiated 
fine sand had been dispersed over an area of approxima- 
tely one square mile in 24 hours. 


P/2001. Recent Research on High-level Gamma 
Dosimeters. J. F. Kircuer, B. W. Kinc, M. J. 
OEsTMANN, PauL ScHALL and G. D. Cavxmns (U.S.A.). 


Many radiation chemistry and radiation-effects studies 
are conducted at radiation doses 100-fold or more higher 
than the maximum dose which can be measured with 
existing dosimeter systems. When radiation sources for 
which the intensity varies in an unpredictable manner are 
used, the determination of total dose by periodic measure- 
ment of dose rate is a tedious and, often, inaccurate 
method. Dose measurements would be greatly simplified 
if a dosimeter capable of measuring integrated doses in 
the range 10° to 10° rads or higher were available. This 
paper deals with a study of systems which appear promising 
for use in this high-dose range. 

Among the types of radiation-induced processes studied 
for high-level dosimetry are colour changes in dyes, 
depolymerization of polymeric materials, coloration of 
glasses and evolution of hydrogen from organic materials. 

On the basis of information available in the literature 
several dyes which appeared to be promising for high-level 
dosimetry were selected for investigation. The best results 
were obtained with methyl yellow which exhibits a linear 
and reproducible optical density change as a function of 
radiation dose up to a dose of about 1 x 108 rads. 

The extent of radiation-induced degradation of polymers 
was determined by viscosity changes of solutions prepared 
from the irradiated materials. Maximum doses which can 
be measured with several polymers are about 5 « 10° rads 
with polyisobutylene, 2 x 10? rads with Lucite, and 
1 x 108 rads with Parapol S—50, a copolymer of styrene 
and isobutylene. 

Several glass systems were studied by measuring optical 
density as a function of radiation dose. The two most 
promising glasses studied are Corning Code 8392 and a 
special high-antimony glass. The maximum doses which 
can be measured with these glasses has not yet been 
determined. However, exposures up to 3 x 108 rads have 
indicated a linear change in optical density as a function 
of dose. The radiation-induced coloration has shown no 
evidence of saturation at the highest doses studied. 


VOL 


195 


Abstracts of Papers 295 


The possibility of utilizing the hydrogen evolved from 
an organic material as a means of measuring radiation 
dose was investigated. Various organic materials were 
irradiated in contact with metal oxide films. The hydrogen 
formed is available for partial reduction of the metal 
oxide. The extent of reduction is reflected by changes in 
the electrical resistance of the film. Only a few of the 
numerous possible combinations of organic and metal 
oxide materials have been studied. A tin oxide-paraffin 
system has given best results to date. This system has 
been irradiated to doses of more than 1 x 108 rad. The 
electrical resistance of the tin oxide decreased as a function 
of radiation dose and no evidence of saturation was 
observed at the highest doses used. 


P/2057. The use of Radioactive Tracers in Studies 
of Metabolism and Endemic Diseases of Farm 
Animals in Different Biological, Geological and 
Chemical Environments within the USSR. B. B. 
Kovatski (U.S.S.R.). 


A study is presented, for the USSR, of the biological, 
geological and chemical influence of various areas, 
depending on their deposits of cobalt, copper, iodine, 
nickel, strontium, calcium, molybdenum etc. A map of 
these areas has been made, showing typical endemic 
diseases affecting farm animals. 

Radioactive isotopes were used in investigating endemic 
diseases of farm animals, in different biological, geological 
and chemical environment areas of the USSR. Radio- 
active isotopes were used to diagnose some metabolic 
disturbances and endemic diseases. In biological, geolo- 
gical and chemical environment areas where cobalt is 
scarce, farm animals suffer from B,, hypo and avitaminosis. 
By means of radiocobalt (Co®), it was found that the 
cobalt contained in mineral salts used in supplements 
given to correct the lack of cobalt in livestock feeds takes 
a part in vitamin B,, synthesis. The radioactive cobalt 
tracer was found in the vitamin B,, which was secreted by 
the liver of sheep and rabbits. It was found that the use of 
combination feed supplements stimulates the growth of 
the microflora which takes part in the vitamin B,, synthesis 
and ensures a better utilization of cobalt in this particular 
process. In biological, geological and chemical environ- 
ment areas where iodine is scarce, radio-iodine I!31 was 
used to study the capture of this halogen by the thyroid 
gland of sheep depending on the different biological 
conditions of the animals (pregnancy, lactation, age, 
seasons of the year) and the endemic enlargement of the 
thyroid gland was diagnosed. The laws governing the 
inclusion of the mineral salts and organic compounds of 
radiosulphur (S*5) in wool keratin were studied in bio- 
logical, geological and chemical environment areas where 
sulphur was scarce. The manner in which copper is distri- 
buted in the organism of an embryo and its central nervous 
system in cases of enzootic ataxy which was caused in sheep 
by copper metabolism irregularities were studied by using 
radiocopper (Cu®*) in the biological, geological and 
chemical environment area of Dagestan. 

The adaptation of radioactive isotopes of some micro- 
elements is very important for studying metabolism 
disturbances and endemic diseases of farm animals which 


are caused by a surplus of deficiency of some chemical 
elements in livestock feed, depending upon the conditions 
encountered in different areas. 


P/2128. Radiocarbon as a Tracer in Geophysical 
Circulation Problems. T. A. Rarrer and G. J. 
Fercusson (New Zealand). 


Since November 1954 a continuous record has been 
kept of the “C specific activity of atmospheric carbon 
dioxide over the New Zealand Coast. Resuits show that 
the amount of #4C has been increasing at an approximate 
exponential rate. The increase up to December 1957 was 
10-0 + 0-35%. 

The only feasible explanation for this increase is the 
production of 44C from the testing of atomic weapons. 
These results indicate rapid transference of carbon dioxide 
from the Northern to the Southern hemisphere. 

At regular intervals over this period carbon dioxide has 
been extracted from eighty gallon samples of surface ocean 
water. A significant increase of 2-0 + 0:5% has been 
detected. From these results it is possible to calculate an 
average residence time of twenty months for a carbon 
dioxide molecule in the atmosphere before exchanging 
with surface ocean ‘carbonate’. More recent results will 
be available for New Zealand surface ocean water and for 
a limited survey of surface Antarctic and South Pacific 
ocean waters. 

The increase at present detectable should make it 
possible to determine the mixing rate for water above the 
thermocline and hence to check the size of the surface 
ocean ‘carbonate’ reservoir. 

To determine the 1C age of the deep ocean in this part 
of the world a number of ocean depth profiles have been 
examined and the results will be discussed. 


P/2390. Progress in the Use of Isotopes. W. F. Lissy 

(U.S.A.). 

Recent years have seen a substantial growth in the use 
of isotopes in medicine, agriculture and industry. Up to 
the minute information—the result of recent surveys and 
studies—on the production and use of isotopes in the U.S. 
will be given. . 

The application of radioisotopes to industrial processes 
and manufacturing operations has expanded more rapidly 
than any one except its most ardent advocates expected. 
New uses and new users are numerous. The adoption by 
industry of low level counting techniques which make 
possible the use of carbon-14 and tritium in the control of 
industrial processes and in certain exploratory and research 
problems is perhaps most promising of current develop- 
ments. The latest information on savings to industry will 
be presented. 

The medical application of isotopes has continued to 
develop at a rapid pace. The current trend appears to be 
in the direction of improvements in technique and the 
substitution of more effective isotopes for those presently 
in use. 

Potential and actual benefits accruing from the use of 
isotopes in agriculture are reviewed. This peaceful use of 
the atom will be an increasingly important factor in the 
problem of feeding the world’s expanding population. 
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The various methods of production of radioisotopes will 
be discussed. Not only the present methods but also 
interesting new possibilities are covered. In this connection 
the recent underground test has been very suggestive. 

Although isotopes are but one of the many peaceful uses 
of the atom, it is the first to pay its way. 


P/56. Neutron Flux Instrumentation for Research 
and Power Reactors; a Review of Present 
Methods and New Developments. W. Asson, R. J. 
Cox and A. L. Gray (United Kingdom). 


P/62. Technical Aspects of High Current Electron 
Pulse Generator. C. W. MILLER and J. W. Boac 
(United Kingdom). 


P/64. The Use of Gamma Radiation to Destroy 
Salmonellae in Frozen Whole Egg. J. Brooks, 
R. S. HANNAN and Berry C. Hosss (United Kingdom). 


P/65. Recent Research in Chemical Applications of 
Large Radiation Sources. R. Roserts, F. DaLron, 
P. Haypen and P. R. Hints (United Kingdom). 


P/67. Principles Underlying the Therapeutic Use of 
Megavoltage Radiation. PATERSON (United 
Kingdom). 

P/69. Clinical Applications of Activation Analysis. 
J. M. A. and Hamitron Smiru (United 
Kingdom). 

P/76. The Possibility of the Direct Application of 
Fission Fragment Energy to Chemical Processes. 


J. K. Dawson, G. Lone, F. and R. G. 
(United Kingdom). 


P/90. New Medical and Chemical Research Irradia- 
tion Units. D. S. Bearp, G. Munpay et al. (United 
Kingdom). 

P/94. The Application of Radio-Tracers to the 


Measurement of Engine Wear in Moving Vehicles. 
J.H. Dererpinc and J. R. B. Catow (United Kingdom) 


P/106. Applications des Rayons X a L’etude des 
Mineralisations Radioactives. L. vAN WAMBEKE 
(Belgium). 


P/116. L’Utilisation du Ca par la Plante a Partir de 
Différentes Combinaisons Marquees. A. VAN DEN 
HeEnpe and A. Corrente (Belgium). 


P/117. The Use of Autoradiographs in Physio-Patho- 
logical Research in the Field of Osteology. 
P. Lacrorx (Belgium). 


P/121. Les Compteurs Geiger sans Fenetre a 
Courant Gazeux ne Mesurent pas Correctement 
la Radioactivite D’echantillons Solides, Epais, non 
Conducteurs, Emetteurs de Rayons $8 Mous. 
W. G. Very, S. G. Kocu and 
E. Demey (Belgium). 


P/125. Mesure de L’Epaisseur de Couches Minces 
par Retrodiffusion 8. Louis Dancuy and FERNAND 
Grarp (Belgium). 


P/138. Free Radical Reactions Induced by Fast 
Neutrons, X-rays and Gamma Rays in Different 
Materials. L. EHRENBERG, G. AHNsTROM, and A. 
EHRENBERG (Sweden). 


P/140. A Fast Method for the Determination of 
Cobalt in Steel for Reactor Construction by Means 
of Activation Analysis. TorBjORN WESTENMARK, 
InGRID FINEMAN and Knut LjJuNGGREN (Sweden). 


P/163. Isotopes in Studies of Bone Disease. G6rAN 
C. H. Baver, ALLMANNA SJUKHUSET, ARVID CARLSSON 
and Bertit Linpguist (Sweden). 


P/164. Autoradiographic Studies on the Distribution 
of Labelled Drugs in the Body. Sven ULLBERG, 
Torsten Anpré and Axe HANNGREN (Sweden). 


P/165. Studies of Surface Reactions and Use of 
Labelled Surface Layers. Lars-G. ERwALL (Sweden). 


P/166. Recent Uses of Radioisotopes in Swedish 
Technological Research and Control. Lars-G. 
ERWALL and Knut LJUNGGREN (Sweden). 


P/167. Use of Radioisotopes for the Study of Self- 
diffusion in Oxide Systems. R. LinpNER (Sweden). 


P/216. Some Recent Applications of Isotopes in 
Research and Control in Industry. J. W. T. Spinks 
(Canada). 


P/217._ The Adsorption of Tracers on Mineral 
‘Particles. G. G. ErcHHotz and W. N. Roserts 
(Canada). 


P/234. First 5-years Results of Routine Intracavitary 
Administration of Colloidal Radioactive Gold 
(Aus) for the Treatment of Ovarian Cancer. 
J. H. Mutver (Switzerland). 


P/235. About the Measurement of Radiation 
Dosages by Thermolumi ence. N. GROGLER, 
F. G. Hourermans and H. SraurFFer (Switzerland). 


P/236. Special Low Level Counters. J. Griss, F. G. 
Hovurermans and H. OescuGer (Switzerland). 


P/283. Recent Developments in the Use of Isotopes 
for Industrial Research and Process Control. 
J. L. Purman (United Kingdom). 


P/285. Application of Fluorescent X-Ray Production 
by Electron Capture Isotopes. G. B. Cook, C. E. 
ME .utsH and J. A. Payne (United Kingdom). 


P/286. The Use of Radioactive Isotopes in the Study 
of Reaction Mechanisms. J. C. Bevincton, D. E. 
Eaves, J. and L. (United Kingdom). 


P/288. Cobalt-60 Production in the U.K. Atomic 
Energy Authority. W. S. Eastwoop. R. West and 
E. R. Wein (United Kingdom). 
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P/323. Preparation of Tritium-labelled Thymidine 
and its Use for Study, by the Autoradiographic 
Method, of the Synthesis of Desoxyribonucleic 
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Fortschritte der angewandten Radioisotopie 
und Grenzgebiete Band 1. Dr. ALFRED HUruic. 
Verlag, Heidelberg. DM 26 


Der Plan, die Entwicklung der Arbeiten auf dem 
gesamten Gebiet der “‘angewandten Radioaktivitat’’ 
in grésseren zusammenfassenden Darstellungen dem 
jeweiligen Leser zuganglich zu machen, ist sicher zu 
begriissen. Der erste Band der geplanten Buchreihe 
liegt nunmehr vor. Er lasst schon bei fliichtiger 
Durchsicht erkennen, dass eine reichhaltige Litera- 
turangabe es erméglicht, sich fiir jedes der bespro- 
chenen Gebiete auch die vorhandenen experimentel- 
len Daten zu beschaffen und damit sich ein eigenes 
Urteil iiber das Gewicht der jeweiligen Aussagen zu 
bilden. Es ist sehr zu bedauern, dass es offenbar 
immer noch grosse Schwierigkeiten macht, die sicher 
recht unfangreiche russische Fachliteratur in die 
Zusammenstellung einzugliedern. Aber auch fiir den 
Naturwissenschaftler, der sich nicht speziell mit der 
Radioaktivitat beschaftigt, ist die Art der Darstellung 
der Aufsatze in Band I geeignet, sich wenigstens einen 
Uberblick iiber den Stand der Bearbeitung wichtiger 
Fragen zu verschaffen. Diesen Vorziigen gegeniiber 
fallen kleinere Mangel wie falsche Zahlenangaben 
in Tabellen, oder irrefiihrende Angaben iber 
chemisches oder physikalisches Verhalten einzelner 
Substanzen, fehlende Erlauterungen zu einzelnen 
Gleichungen und unvollstandige Bildunterschriften 
nicht entscheidend ins Gewicht. 
F. STRASSMANN 


_reviet 


Die radioaktiven Elemente. Ss. Jr. BRESLER. 
Verlag Technik, Berlin. DM 27 


Die Anlage des Buches in Bezug auf Einteilung und 
Behandlung des Stoffes, sowie Benutzung graphischer 
Darstellungen, Tabellen und Photographien ist 
zweifellos recht ansprechend. Dass der geschichtliche 
Uberblick eine Wiirdigung der russischen Forscher 
auf breitester Basis bringt ist nicht verwunderlich 
und liefert fiir denjenigen, der sich ernsthaft mit der 
Geschichte der Entwicklung der Radioaktivitat 
beschaftigt einen guten Uberblick iiber die neueren 
russischen Arbeiten auf dem Gebiet der angewandten 
Radioaktivitat, soweit sie ver6ffentlicht worden sind. 
Eine Besprechung der klassischen und der modernen 
Arbeitsmethoden, die mathematische Behandlung der 
Zerfalls-und Nachbildungsgesetze, eine reichhaltige 
Auswahl von Beispielen angewandter Radiochemie 
und Diskussionen iiber gegensatzliche Auffassungen 
bei der Deutung einzelner experimenteller Beobach- 
tungen machen das Buch sicher zu einer anregenden 
Lektiire fiir Anfanger und Fortgeschrittene Einige 
Druckfehler in den Tabellen und eine gewisse 
Grossziigigkeit in der Bewertung und Deutung 
einzelner experimentellen Befunde kénnten in einer 2. 
Auflage vermieden werden. 
F. STRASSMANN 
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